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REVIEW OF PROGRESS IN QUANTITATIVE NDE 
Hyatt Regency Denver Tech Center  
Denver, Colorado 
July 15 – 20, 2012 
 
 
PROGRAM 
 
 
Monday, July 16, 2012 
 
 
PLENARY SESSION 1 
SCOPE OF NDE MEASUREMENTS 
L. Brasche, Iowa State University, Chairperson 
Grand Mesa Ballroom DEF 
 
 
 
 9:00 AM Opening Remarks 
---L. Brasche, Iowa State University, Center for NDE, Ames, IA 50011 
 
 9:15 AM NDE Measurements for Understanding of Performance.  A Few Case Studies on Engineering 
Components, Human Health, and Cultural Heritage 
---B. Raj, Research, PSG Institutions, Coimbatore-641 004, Tamil Nadu, India 
 
10:10 AM Break 
 
 
PLENARY SESSION 2 
ADVANCES IN NDE MEASUREMENT TECHNOLOGY 
L. W. Schmerr, Jr., Iowa State University, Chairperson 
Grand Mesa Ballroom DEF 
 
 
 
10:30 AM Advances in Digital Industrial Radiology – New Application Areas Beyond Film Radiography 
 ---U. Ewert, BAM Federal Institute for Materials Research and Testing, Berlin, 12205, Germany 
 
11:20 AM Ultrasonic Arrays in NDE – Beyond the B-Scan 
 ---P. Wilcox, RCNDE – University of Bristol, Department of Mechanical Engineering, Queen’s 
Building, University Walk, Bristol BS81TR, United Kingdom 
 
12:10 PM Lunch 
 
 
 
 
 
 
 
 
 
 
 
Please Note:  The bolded authors throughout this program indicate the presenting author. 
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9:15 AM 
 
NDE Measurements for Understanding of Performance.  A Few Case Studies on 
Engineering Components, Human Health and Cultural Heritage 
---Baldev Raj, Research, PSG Institutions, Coimbatore – 641 004, Tamil Nadu, India 
 
---Precise and relevant acoustic and electromagnetic measurements to gain 
fundamental insights, establish correlations with properties and performance, diagnose 
to find answers leading to mitigation of degradation and restore good health of 
components, cultural heritage and humans are the subject matter of this presentation.  
Fundamental insights to microstructures, quantification of defects (small and large with 
potency to cause failure) and correlations of stresses with performance are provided 
based on research and successful applications. Transforming engineering sciences and 
technologies to challenges of characterizing and measuring degradation in health of 
human beings and cultural heritage are examples to prove merit of the theorem that 
science does not recognize boundaries of applications and team of relevant experts can 
achieve sterling and unique successes with innovative methodologies.  Multidisciplinary 
efforts combining physics, materials, sensors, instrumentations, innovations, 
measurements, with and without imaging and correlations with relevant properties and 
performance, etc. are highlighted in the paper. 
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10:30 AM 
 
Advances in Digital Industrial Radiology-New Application Areas Beyond Film 
Radiography 
---Uwe Ewert, BAM Federal Institute for Materials Research and Testing, Berlin, 12205, 
Germany 
 
---Similar to the success story of digital photography a major upheaval has been 
observed in digital industrial radiology.  Digital Detector Arrays enable the increase of 
contrast sensitivity up to a factor of 10 in comparison to film radiography.  Computed 
radiography with phosphor imaging plates substitutes film applications.  The increased 
sensitivity of digital detectors enables the efficient usage for dimensional measurements 
and functionality tests substituting manual maintenance.  The measurement of wall 
thickness and corrosion status is state of the art in petrochemical industry. X-ray back 
scatter techniques have been applied in safety and security relevant applications with 
single sided access of source and detector.  Computed tomography (CT) applications 
cover the range from m to nm scale.  The scope of CT applications changes from flaw 
detection to dimensional measurement in industry.  Mobile computed tomography is 
applied for in-service radiographic crack detection and sizing in welded pipes in nuclear 
power industry and aerospace applications.  CT has been applied for evaluation of hot 
cracking susceptibility of modern weld alloys.  In combination with modified varestraint 
transvarestraint tests (MVT) the cumulative crack length as function of stress and depth 
was determined.  This enables the quantitative characterization of the weldability 
properties of different materials.   
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11:20 AM 
 
Ultrasonic Arrays in NDE – Beyond the B-scan 
---Paul Wilcox, RCNDE – University of Bristol, Dept. Of Mech. Engineering, Queen’s 
Building University Walk, Bristol BS81TR, United Kingdom 
 
---In the early 1970s the first practical applications of ultrasonic arrays for medical 
imaging were reported, followed a few years later by applications in NDE. The 
immediate advantage of an array is that a B-scan image of the interior of a component 
is produced in near real-time. Early array controllers used analogue electronics to 
beam-form in transmission and reception and replicated the operation of a monolithic 
transducer being scanned, either by translation or rotation. Today there are thousands 
of ultrasonic array controllers in industrial use worldwide. However, despite the fact that 
the majority of modern array controllers use digital processors, the standard mode of 
operation is still to replicate the action of a scanned monolithic transducer and the 
standard output is still a B-scan image. The purpose of this talk is to examine what extra 
information arrays can provide in NDE applications.  The starting point is the full matrix 
of raw data from an array. The full matrix of raw data comprises the time-domain signals 
for every transmitter-receiver element combination, and consequently contains all 
possible data that can be obtained from an array. Linear imaging algorithms, of which 
conventional B-scan images are a small subset, are those that be written as linear 
combinations of data in the full matrix. The first part of this talk will be concerned with 
advanced linear imaging algorithms that better exploit the full matrix of data to enhance 
defect detection. In particular, the relationship between image resolution and detection 
sensitivity will be considered, as will applications to materials that are heterogeneous 
and/or anisotropic, such as composites and austenitic welds. This leads to the related 
area of adaptive imaging techniques that seeks to deal with imprecisely known 
geometric or material properties. In addition to defect detection, arrays provide various 
possibilities for defect characterization and sizing. It will be shown that while defects 
larger than a few wavelengths can be characterized directly from array images, the full 
matrix of array data also offers various routes for characterizing defects below the 
diffraction limit. Approaches reviewed here include scattering matrix extraction and 
super-resolution imaging. Finally, the possibilities and challenges associated with 2-
dimensional arrays for 3-dimensional volumetric NDE will be discussed. 
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SESSION 3 
GUIDED WAVES I 
C. Lissenden and J. Rose, Penn State, Co-Chairpersons 
Chasm Creek AB 
 
 
1:30 PM Introduction to Ultrasonic Guided Waves 
 ---C. Lissenden, Pennsylvania State University, 212 Earth Engineering Science, University Park, 
PA 16802 
 
1:50 PM Crack Detection on Wind Turbine Blades in an Operating Environment Using Vibro-Acoustic 
Modulation Technique 
---D. E. Adams and S. Kim, Purdue University, School of Mechanical Engineering, West Lafayette, 
IN 47905; S. Hoon, Korea Advanced Institute of Science and Technology, Civil and Environmental 
Engineering Department, Daejeon, Republic of Korea 
 
2:10 PM Energy and Power Modeling of Multi Mode Lamb Waves Propagating in Structure Bonded 
with Piezoelectric Wafer Active Sensors 
---A. M. Kamal, B. Lin, and V. Giurgiutiu, University of South Carolina, Department of Mechanical 
Engineering, Columbia, SC 29208 
 
2:30 PM Quantitative Ultrasonic Guided Wave Testing of Composites 
---B. B. Djordjevic, 798 Cromwell Park Drive, Suite C, Glen Burnie, MD 21061 
 
2:50 PM Ultrasonic Vibration for Structural Health Monitoring 
---Y. Liang, C. Borigo, and J. Rose, The Pennsylvania State University, Engineering Science and 
Mechanics, State College, PA 16802; F. Yan, FBS Inc., State College, PA 16802 
 
3:10 PM  Break 
 
3:30 PM Efficient Baseline Gathering and Damage Detection in Guided Wave Structural Health 
Monitoring 
---A. J. Croxford, University of Bristol, Department of Mechanical Engineering, Bristol, United 
Kingdom 
 
3:50 PM  Ultrasonic Guided Wave Inspection of an Anisotropic Layer on a Metallic Half Space 
---M. D. Gardner, The Pennsylvania State University, Graduate Program in Acoustics, University 
Park, PA 16802; J. L. Rose, The Pennsylvania State University, Department of Engineering 
Science and Mechanics, University Park, PA 16802; C. Moose, The Pennsylvania State University, 
Applied Research Laboratory, University Park, PA 16802 
 
4:10 PM  Delay-and-Sum Technique for Localizing Sources on Cylindrical Objects 
---J. B. Harley, N. Thavornpitak, and J. M. F. Moura, Carnegie Mellon University, Department of 
Electrical and Computer Engineering, Pittsburgh, PA 15213 
 
4:30 PM Ultrasonic Guided Wave Transmission Through a Geometry Transition and Nondestructive 
Evaluation of Composite-to-Adhesive Bond 
---Baiyang Ren and Clifford J. Lissenden, The Pennsylvania State University, Department of 
Engineering Science and Mechanics, University Park, PA 16802 
 
4:50 PM Hybrid SAFE/FE Simulation of GW Inspections 
---V. Baronian, K. Jezzine, and F. Le Bourdais, CEA, LIST, CEA-Saclay, 91191 Gif-sur-Yvette 
Cedex, France 
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1:30 PM 
 
Introduction to Ultrasonic Guided Waves 
---Cliff Lissenden, Pennsylvania State 
University, 212 Earth Engineering Science, 
University Park, PA 16802 
 
---Ultrasonic guided wave applications in NDE 
and SHM are becoming commonplace because 
of improved understanding and computational 
power developed over the past two decades. 
Most structures are natural waveguides. In 
contrast to bulk waves in infinite space, guided 
waves require a boundary for propagation. Two 
principal benefits of using guided waves will be 
discussed: (i) ability to inspect over long 
distances from a single probe position and (ii) 
potential to inspect hidden structures and 
structures under water, coatings, soil, insulation, 
and concrete.  The development of guided wave 
dispersion curves is essential, that of studying 
the hundreds of modes and frequencies 
available to choose from in the phase velocity – 
frequency dispersion curve space.  Wave 
structures uniquely different at each point on a 
dispersion curve are useful in actuator design 
and in establishing rules for defect detection 
sensitivity, quantification, and overall wave 
penetration power. Other topics discussed will 
include dispersivity, group velocity, attenuation, 
source influence and the presence of a phase 
velocity spectrum, excitability, and the role of 
finite element analysis in guided wave technique 
development. A few sample problems in rail, 
adhesive bonding, water loaded structures, gas 
entrapment, ice detection, and pipe inspection 
will be briefly outlined along with topics on 
phased array technology and tomographic 
imaging. Excitation possibilities of Piezoelectric, 
EMAT, Magnetostrictive, Laser, and Mechanical 
Impact will be briefly discussed along with multi-
element sensor possibilities. The presentation 
will conclude with brief comments on the many 
Guided Wave topics covered at this QNDE 
meeting. 
1:50 PM 
 
Crack Detection on Wind Turbine Blades in 
an Operating Environment Using Vibro-
Acoustic Modulation Technique 
---Douglas E. Adams and Sungmin Kim, 
Purdue University, School of Mechanical 
Engineering, West Lafayette, IN 47905; Sohn 
Hoon, Korea Advanced Institute of Science and 
Technology, Civil and Environmental 
Engineering Department, Daejeon, Republic of 
Korea 
 
---As the wind power industry has grown rapidly 
in the recent decade, maintenance costs have 
become a significant concern.  Due to the high 
repair costs for wind turbine blades, it is 
especially important to detect initial blade 
defects before they become structural failures 
leading to other potential failures in the tower or 
nacelle.  This research presents a method of 
detecting cracks on wind turbine blades using 
the Vibro-Acoustic Modulation technique. Using 
Vibro-Acoustic Modulation, a crack detection 
test is conducted on a WHISPER 100 wind 
turbine in its operating environment.  Wind 
turbines provide the ideal conditions in which to 
utilize Vibro-Acoustic Modulation because wind 
turbines experience large structural vibrations.  
The structural vibration of the wind turbine was 
used as a pumping signal and a pzt was used to 
generate the probing signal.  Because the non-
linear portion of the dynamic response is more 
sensitive to the presence of a crack than the 
environmental conditions or operating loads, the 
Vibro-Acoustic Modulation technique can 
provide a robust structural health monitoring 
approach for wind turbines.  Structural health 
monitoring can significantly reduce maintenance 
costs when paired with predictive modeling to 
minimize unscheduled maintenance. 
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2:10 PM 
 
Energy and Power Modeling of Multi Mode 
Lamb Waves Propagating in Structure 
Bonded with Piezoelectric Wafer Active 
Sensors 
---Ayman M. Kamal, Bin Lin, and Victor 
Giurgiutiu, University of South Carolina, 
Department of Mechanical Engineering, 
Columbia, SC 29208 
 
---This paper presents a model for power 
transfer between piezoelectric wafer active 
sensor (PWAS) and excited structures.  
Analytical models are developed for PWAS 
admittance, active power transferred and Lamb 
waves kinetic, potential energies and power.  
This model is based on Lamb waves; 
accordingly it is valid for high frequency 
excitation analysis, where multimode waves are 
excited.  The model is developed based on the 
method of normal mode expansion (NME), and 
orthogonality of Lamb waves.  Modal 
participation factors are presented to show the 
contribution of every mode to the total power 
transfer.  The model assumptions are: (1) 
straight-crested guided wave propagation; (b) 
ideal bonding (pin-force) connection between 
PWAS and structure; (c) ideal excitation source 
at the transmitter PWAS.  Numerical simulation 
is done for thin Aluminum plate, where only first 
symmetric and antisymmetric modes are 
excited, and results are compared to low 
frequency axial/flexural approximation for Lamb 
waves.  Then, a thick Steel plate example is 
presented to show the case of multimodal wave 
propagation.  At the end, we present a 
parametric study for different excitation 
frequencies and different transducer sizes to 
show the best match of (frequency /PWAS size) 
for exciting structures to achieve maximum 
power transfer. 
2:30 PM 
 
Quantitative Ultrasonic Guided Wave Testing 
of Composites 
---B. Boro Djordjevic, 798 Cromwell Park 
Drive, Suite C, Glen Burnie, MD 21061 
 
---Increased use of composite materials in 
aerospace and in critical structural applications 
requires independently assurance of the 
structural integrity.  Ultrasonic methods are very 
effective for the testing of the composite 
materials.  Formed laser ultrasonic sources and 
sub-wavelength ultrasonic sensing aperture, 
enable direct characterization of the materials 
properties.  Ultrasonic signals measured via 
these methods can be quantitatively analyzed 
from the first principles using the wave equation.  
This paper will present recent work to 
quantitatively assess the directional properties of 
the composite materials.  Development of new 
ultrasonic transduction process and advanced 
data acquisition enables measurements of the 
composite material properties and mechanical 
defect conditions that are not possible using 
conventional ultrasonic test approaches.  With 
directional analysis of ultrasonic wave 
propagation and acoustic wave response in the 
composites, one can better understand and 
develop estimate of in-plane material modulus, 
fatigue damage, and/or sense mechanical defect 
conditions.  
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2:50 PM 
 
Ultrasonic Vibration for Structural Health 
Monitoring 
---Y. Liang, C. Borigo, and J. Rose, The 
Pennsylvania State University, Engineering 
Science and Mechanics, State College, PA 
16802; F. Yan, FBS Inc., State College, PA 
16802 
 
---Guided waves and vibration analysis are two 
useful techniques in Nondestructive Evaluation 
and Structural Health Monitoring.  Bridging the 
gap between guided waves and vibration, a 
novel testing method ultrasonic modal analysis 
technique (UMAT) is demonstrated here. UMAT 
is capable to achieve defect detection sensitivity 
as ultrasonic guided waves, while maintaining 
the efficiency of traditional vibration in the way of 
adopting several sensors to cover the whole 
structure.  In UMAT, continuous guided wave 
energy will be pumped into the structure to make 
the structure vibrate steadily.  The steady state 
vibration is achieved after multiple reflections of 
the continuous guided wave loading by 
boundaries.  Mode conversion in the boundary 
reflection process is studied numerically.  In 
UMAT experiments, annual array is used as the 
actuator.  The loading functions are tuned by 
frequencies and the time delayer among each 
element of the annular array.  Experiments 
demonstrate good defect detection ability of 
UMAT by optimally selecting guided wave 
loadings. 
3:30 PM 
 
Efficient Baseline Gathering and Damage 
Detection in Guided Wave Structural Health 
Monitoring 
---Anthony J. Croxford, University of Bristol, 
Department of Mechanical Engineering, Bristol, 
United Kingdom 
 
---Guided wave structural health monitoring 
(SHM) has been proposed as a technique to 
allow permanently attached sensors to provide 
information about the state of a structure.  
Typical approaches rely on gathering 
information about the baseline state of the 
structure and using this data with subtraction to 
highlight changes to the system.  This relies on 
the baseline data accurately representing the 
conditions that the system will experience.  In 
reality this is difficult to ensure and may result in 
either large periods out of service or poor 
performance.  In addition the size of the baseline 
set can become prohibitively large.  This paper 
describes an alternative approach that produces 
an efficient continuously evolving baseline.  The 
paper considers how damage detection 
performance can be characterized within this 
framework and presents a series of metrics to 
do this.  The result is a new way of considering 
the baseline problem with practical applications 
to the long term inspection of structures. 
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3:50 PM 
 
Ultrasonic Guided Wave Inspection of an 
Anisotropic Layer on a Metallic Half Space 
---Michael D. Gardner, The Pennsylvania State 
University, Graduate Program in Acoustics, 
University Park, PA 16802; Joseph L. Rose, The 
Pennsylvania State University, Department of 
Engineering Science and Mechanics, University 
Park, PA 16802; Clark Moose, The 
Pennsylvania State University, Applied 
Research Laboratory, University Park, PA 16802 
 
---Ultrasonic guided waves are used to inspect 
an interface between an anisotropic layer and an 
elastic, metallic half space.  The interface is 
being inspected for weak or disbonded regions.  
The anisotropic layer is a composite material.  
This research investigates the possibility of 
inspecting through a thick composite layer.  The 
hybrid analytical finite element method is used to 
model the problem which involves generating 
dispersion curves and wave structures and 
searching for optimum excitation points on the 
dispersion curves in frequency and phase 
velocity space.  A physical experiment is 
performed that investigates the possibility of 
inspecting for inserted defects from on top of the 
composite in a Lamb-wave or layer-on-a-half-
space problem.  In addition, inspection from 
directly on top of the metal is performed in a 
surface wave and waveguide transition problem.  
Results will be shown for both pulse-echo and 
through-transmission type experiments. 
4:10 PM 
 
Delay-and-Sum Technique for Localizing 
Sources on Cylindrical Objects 
---Joel B. Harley, Nattamon Thavornpitak, and 
José M. F. Moura, Carnegie Mellon University, 
Department of Electrical and Computer 
Engineering, Pittsburgh, PA 15213 
 
---In structural health monitoring, guided wave 
ultrasonics are commonly used to examine large 
structures.  Delay-and-sum methods (also 
known as elliptical methods), which utilize 
sparse arrays, have been demonstrated by 
many researchers to accurately locate damage 
in plate geometries.  However for pipes, the 
constructive and destructive interference caused 
by the cylindrical geometry makes localization 
much more difficult.  This paper proposes a 
delay-and-sum localization method which 
exploits the cylindrical geometry of the pipe to 
improve localization performance.  The paper 
illustrates that a pipe’s geometry and multi-path 
effects can be modeled using virtual sensor 
arrays.  We show that this model can be used to 
account for multi-path effects and significantly 
improve resolution along a pipe’s circumference.  
We demonstrate the effectiveness of this model 
with simulated and experimental results.  For 
each setup, an active PZT source is located on 
a stainless steel pipe with an 11.2 cm 
circumference and 0.8 cm thickness.  The paper 
also discusses various factors, such as 
dispersion, that affect the performance of this 
method. 
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4:30 PM 
 
Ultrasonic Guided Wave Transmission 
Through a Geometry Transition and 
Nondestructive Evaluation of Composite-to-
Adhesive Bond 
---Baiyang Ren and Clifford J. Lissenden, The 
Pennsylvania State University, Department of 
Engineering Science and Mechanics, University 
Park, PA 16802 
 
---Ultrasonic guided waves have the ability to 
travel a long distance within the structure and 
interact with specific defects. The wave 
sensitivity to the defect depends on the wave 
structure which varies with wave modes and 
frequencies. Many applications require wave 
propagation through one or more geometric 
transitions in the waveguide. Mode conversions 
due to the geometry change may affect the 
wave mode sensitivity to defects. To retain the 
sensitivity to specific defects, for example, 
adhesive defects at an interface, a study is 
needed to verify that the mode converted wave 
structure after the transition is still useful. In this 
work, a skin-stringer configuration is considered 
and the focus is on mode conversions at the two 
geometric transitions. A wave structure-based 
correlation coefficient is used as the matching 
coefficient. The mode conversion is predicted 
using matching coefficients and the result are 
compared with those from a normal mode 
expansion. An effectiveness  index is calculated 
as the product of the matching coefficient and 
the in-plane displacement at the interface. Mode 
selection is based on the magnitude of 
effectiveness index. Experiments results are 
presented for frequency-mode combinations 
selected using the effectiveness index. The two 
selected modes show good sensitivity to the 
adhesive defects based on frequency content 
and amplitude ratio features. 
4:50 PM 
 
Hybrid SAFE/FE Simulation of GW 
Inspections 
---Vahan Baronian, Karim Jezzine, and Florian 
Le Bourdais, CEA, LIST, CEA-Saclay, 91191 
Gif-sur-Yvette Cedex, France 
 
---A numerical approach combining a modal 
description in regular parts of waveguides 
(plates, pipes, or guides of arbitrary cross-
section) and a Finite Element computation in the 
vicinity of flaws or guide irregularities has been 
previously proposed.  This approach enables the 
simulation of the interaction with complex 
defects such as guide discontinuities, inclusions, 
several scatterers in series and the computation 
of the wavefield generated by a source located 
inside the waveguide or on its surface.  Modes 
are computed thanks to the Semi-Analytical 
Finite Element (SAFE) method in each uniform 
portion of the waveguide, whereas a FE 
computation is performed in each region 
surrounding a defect and/or for each guide 
discontinuity such as a junction or a local 
variation of guide shape.  Transparent boundary 
conditions are used to minimize the size of the 
FE box. Numerical results of interaction with 
different complexity and damage level of 
corrosion (plate thinning, corrosion pits of 
various extents) in plates and pipes structures 
are presented.  Another application concerns the 
inspection of sodium cooled reactors. In this 
case, the inspection is performed from the 
outside of the main vessel with transducers 
positioned along its wall.  Simulation results are 
presented for the inspection of inner vessel 
zones using a welded intermediate plate as a 
waveguide. 
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M. Lozev, BP Products North America, Inc., Chairperson 
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1:30 PM A Comparative Study of Ray Tracing and CIVA Simulation for Ultrasonic Examination of 
Anisotropic Inhomogeneous Austenitic Welds 
---S. R. Kolkoori, P. Shokouhi, M.-U. Rahman, M. Kreutzbruck, and J. Prager, BAM, Federal 
Institute for Materials Research and Testing, Dept. 8, Non-destructive Testing, Berlin, Germany 
 
1:50 PM Ultrasonic Imaging of Welds Using Boundary Reflections 
---L. Hörchens, X. Deleye, and K. Chougrani, Applus RTD Technological Center, Rotterdam,  
The Netherlands 
 
2:10 PM A New Application of Laser Vibrometric Wave Field Propagation Measurements: 
Visualization of the Grain Structure in Textured Metals  
---B. Koehler, M. Barth, and F. Schubert, Fraunhofer IZFP-D, Micro and Nano Evaluation, Maria 
Reiche Str. 2, 01109 Dresden, Germany 
 
2:30 PM Detection and Monitoring of Hydrogen Induced Cracking in Steel Weldments Using 
Advanced Ultrasonic Techniques 
---P. Patel¹, M. Lozev¹, B. Alexandarov², and J. Lippold², ¹BP Products North America Inc., 
Houston, TX (formerly with Edison Welding Institute, Columbus, OH); ²The Ohio State University, 
Columbus, OH 43085 
 
2:50 PM Inspection of Laser Welds with Array Eddy Current Technique 
---E. Todorov, B. Nagy, S. Levesque, N. Ames, and J. Na, Edison Welding Institute, Engineering 
Services - NDE, Columbus, OH 43221-3585 
 
3:10 PM Break 
 
3:30 PM  Ray-Based Approaches for the Simulation of Ultrasonic Inspection of Welds 
---K. Jezzine, A. Gardahaut, N. Leymarie, and S. Chatillon, CEA, LIST, CEA-Saclay, 91191  
Gif-sur-Yvette Cedex, France 
 
3:50 PM Sensitivity Analysis of an Ultrasonic Inspection of a Weld Structure Simulated with the 
Finite Element Code ATHENA 2D 
---F. Rupin1, G. Blatman1, S. Lacaze1, and T. Fouquet2, 1EDF R&D-Site des Renardières- Moret 
sur Loing, France; 2EDF R&D-Clamart, France  
 
4:10 PM New International Program to Assess the Reliability of Emerging Nondestructive 
Techniques (PARENT) 
---I. G. Prokofiev, S. E. Cumblidge, and A. A. Csontos, U.S. Nuclear Regulatory Commission 
(USNRC), Washington DC 20555; S. R. Doctor and B. G. Braatz, Pacific Northwest National 
Laboratory, Richland, WA 99352 
 
4:30 PM The Software Application and Classification Algorithms for Welds Radiograms Analysis 
---R. Sikora, T. Chady, P. Baniukiewicz, L. Napierala, and T. Pietrusewicz, West Pomeranian 
University of Technology, Faculty of Electrical Engineering, Department of Electrical and Computer 
Engineering, Szczecin, Poland; B. Grzywacz, West Pomeranian University of Technology, Faculty 
of Electrical Engineering, Department of Control and Measurements, Szczecin, Poland; L. Misztal, 
IT Team of National Tax Chamber, Szczecin, Poland; B. Piekarczyk, Technic-Control, Szczecin, 
Poland 
 
4:50 PM New Requirements for Digital Radiographic Testing of Welds According to ISO Standards 
---M. Jechow, U. Zscherpel, and U. Ewert, BAM Federal Institute for Materials Research and 
Testing, Division 8.3, Radiological Methods, Unter den Eichen 87, D-12205 Berlin, Germany 
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1:30 PM 
 
A Comparative Study of Ray Tracing and 
CIVA Simulation for Ultrasonic Examination 
of Anisotropic Inhomogeneous Austenitic 
Welds 
---S. R. Kolkoori, P. Shokouhi, M.-U. Rahman, 
M. Kreutzbruck, and J. Prager,  
BAM, Federal Institute for Materials Research 
and Testing, Department 8, Non-destructive 
Testing, Berlin, Germany 
 
---Ultrasonic examination of anisotropic 
inhomogeneous austenitic welds is challenging 
because of the columnar grain structure of the 
weld leading to beam skewing and splitting. 
Modeling tools play an important role in 
understanding the ultrasound field propagation 
and optimization of experimental parameters 
during the ultrasonic testing and quantitative 
evaluation of austenitic welds. In this 
contribution, an efficient theoretical model based 
on the ray tracing concepts is developed to 
calculate the ultrasonic fields quantitatively in 
inhomogeneous austenitic weld materials. Ray 
energy reflection and transmission coefficients 
at an interface between two general columnar 
grained austenitic materials are calculated in 
three dimensions. Directivity of the ray source in 
columnar grained austenitic materials (including 
layback orientation) is obtained in three 
dimensions based on Lamb’s reciprocity 
theorem. The developed model reliably 
determines the ultrasound fields by taking in to 
account the directivity of the ray source, the 
inhomogenity of the weld as well as ray 
transmission coefficients. The ray tracing model 
predictions on inhomogeneous austenitic weld 
material are compared against those from CIVA, 
a commercial non-destructive modelling and 
simulation tool. The ultrasonic modelling tools in 
CIVA are based on semi-analytical solutions. 
For beam propagation simulation, a so-called 
“pencil method” is used, which involves 
modelling the probe as a set of individual source 
points, each radiating spherical body waves into 
the medium and integrating those elementary 
contributions. Inhomogenity in the weld region is 
modelled approximately by mapping the grain 
orientations on macrograph of the real weld. 
Simulation results for ultrasound field profiles in 
austenitic welds are compared quantitatively 
with the experimental results and reasons for 
differences are discussed.    
1:50 PM 
 
Ultrasonic Imaging of Welds Using Boundary 
Reflections 
---Lars Hörchens, Xavier Deleye, and Khalid 
Chougrani, Applus RTD Technological Center, 
Rotterdam, The Netherlands 
 
---Ultrasonic imaging based on inverse wave 
field extrapolation can be applied for the 
inspection of welds to determine the type, 
position, and size of possible defects.  As in 
conventional automated ultrasonic testing, a 
setup with array probes on plastic wedges on 
both sides of the weld is used to enable shear 
wave imaging.  By including one or more 
boundary reflections in the path from transmitter 
to receiver, defects in the weld can be insonified 
and imaged from different directions.  This 
approach leads to better coverage of the weld 
and enables accurate characterization and 
sizing of defects when using a combination of 
reflection and diffraction signals.  The images 
obtained by means of different directions of 
insonification and reception can be combined 
into a single image providing a section view of 
the weld.  The geometrical configuration, such 
as wall thickness and vertical offset between 
plates or pipes, must be taken into account for 
proper alignment of the sub-images.  The 
information contained in these sub-images can 
be linked to different conventional ultrasonic 
inspection techniques, such as the phased array 
tandem technique and time of flight diffraction, 
showing reflection-based imaging to be a logical 
progress of existing approaches. 
  
MONDAY, SESSION 4 
 - 13 - 
2:10 PM 
 
A New Application of Laser Vibrometric 
Wave Field Propagation Measurements: 
Visualization of the Grain Structure in 
Textured Metals  
---Bernd Koehler, Martin Barth, and Frank 
Schubert, Fraunhofer IZFP-D, Micro and Nano 
Evaluation, Maria Reiche Str. 2, 01109 Dresden, 
Germany 
 
---Laser vibrometry has already been used for 
visualizing elastic waves traveling along 
surfaces of solids for a long time.  By applying 
this technique to cross sections of welds, wave 
field refraction, mode conversion and scattering 
can be observed.  The paper demonstrates, that 
by appropriate data processing additionally the 
grain structure of the weld can be extracted.  
The method is demonstrated at austenitic and 
dissimilar welds.  Here a task is the study of 
wave ultrasonic wave propagation by numerical 
modeling and by measurement.  The modeling 
needs a grain orientation map as an input.  With 
vibrometric capturing of grain structure (VCGS) 
this information can be obtained directly from the 
wave propagation measurement.  Chemical 
etching is not necessary as in conventional grain 
visualization. Generalizations for more 
quantitative measurements are discussed. 
2:30 PM 
 
Detection and Monitoring of Hydrogen 
Induced Cracking in Steel Weldments Using 
Advanced Ultrasonic Techniques 
---Pratik Patel¹, Mark Lozev¹, Boian 
Alexandarov², and John Lippold², ¹BP Products 
North America Inc., Houston, TX (formerly with 
Edison Welding Institute, Columbus, OH); ²The 
Ohio State University, Columbus, OH 43085 
 
---Hydrogen-induced cracking (HIC) is the main 
weldability problem of the ferritic Cr-Mo creep 
resistant steels.  Avoiding HIC in these steels 
requires following strict welding procedures with 
properly selected preheating and interpass 
temperatures.  HIC in these steels typically form 
in the root area of the heat-affected zone (HAZ) 
and/or weld metal without reaching the surface.  
The investigations were conducted on 25mm (1-
in.)-thick plate of 1.25% Cr 0.5% Mo steel.  The 
welding was performed by shielded metal arc 
welding process using low hydrogen moisture 
resistant electrodes.  The study consisted 
conducting a series of Y-groove (Tekken) test 
experiments at different hydrogen levels with 
and without the use of preheating.  The Y-
groove test welds made at different weld 
diffusible hydrogen levels revealed the presence 
of HIC always on one side (X-side) of the weld 
bevel design.  The difficulty of HIC detection in 
the size range of 1 mm (0.04”) in vertical height 
through radiographic inspection and 
conventional Non-destructive evaluation (NDE) 
techniques was demonstrated. When welds 
containing HIC cracks were inspected with the 
use of an optimized phased array ultrasonic 
testing (PAUT) and time-of-flight-diffraction 
(TOFD) ultrasonic techniques, the cracks were 
successfully detected and sized. Modeling of the 
ultrasonic waves and simulation of HIC 
interactions were carried out in order to establish 
the optimum ultrasonic testing procedure 
parameters. The monitoring of HIC propagation 
with respect to length and height was possible 
when the weld was scanned at periodic time 
intervals with the use of optimized PAUT. The 
use of optimized PAUT proved to be an efficient 
NDE technique to both detect, monitor growth 
kinetics, and size the HIC with a vertical height 
larger than 0.6 mm (0.025”). 
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2:50 PM 
 
Inspection of Laser Welds with Array Eddy 
Current Technique 
---Evgueni Todorov, Brad Nagy, Steve 
Levesque, Nate Ames, and Jeong Na, Edison 
Welding Institute, Engineering Services - NDE, 
Columbus, OH 43221-3585 
 
---Fast laser-weld joining technologies are 
proposed and investigated for nuclear 
component fabrication.  Fast and reliable 
inspection techniques are needed for automated 
NDE of laser welds during fabrication of critical 
components.  Three groups of specimens 
without flaws (acceptable), missed seam (MS) 
and lack of penetration (LOP) made of austenitic 
stainless steel 316L for nuclear applications 
were fabricated.  An array EC (AEC) technique 
was developed and investigated.  The AEC 
technique has 32 axial and 30 transverse 
channels for flaw detection and sizing at any 
orientation.  Four frequencies were used 
simultaneously – 0.1, 0.4, 0.8 and 1.2 MHz.  The 
specimens top and bottom surfaces were 
scanned parallel and transverse to the weld line.  
The weld crown and root generated noise due to 
uneven yet acceptable surface waviness and 
weld profile.  The MS and LOP were easily 
imaged, detected and sized.  Additional flaw 
indications were found in visually acceptable 
weld areas.  Limited weld destructive testing 
was performed validating characteristic eddy 
current flaw indications.  Based on this feasibility 
study, the eddy current technique proved to be 
fast, reliable and possible solution for automated 
NDE and near real-time monitoring of laser 
welds during nuclear component fabrication. 
3:30 PM 
 
Ray-Based Approaches for the Simulation of 
Ultrasonic Inspection of Welds 
---Karim Jezzine, Audrey Gardahaut, Nicolas 
Leymarie, and Sylvain Chatillon, CEA, LIST, 
CEA-Saclay, 91191 Gif-sur-Yvette Cedex, 
France 
 
---Inspection of austenitic or bimetallic welds can 
be very difficult to interpret because of the 
heterogeneous and anisotropic properties of the 
welding material possibly resulting in beam 
splitting or skewing.  This paper presents two 
ray-based approaches to simulate the inspection 
of such structures.  A first modeling approach 
consists in describing the weld as a set of 
several anisotropic homogeneous domains with 
a given grain orientation. In this case, the rays 
travel in straight lines inside each homogeneous 
domain.  At each interface, a calculation of the 
reflected and refracted coefficient is performed 
and the propagation within the next domains is 
pursued. The results are valid if the domains 
have dimensions larger than the wavelength and 
present small variation of impedance between 
two adjacent areas.  The second modeling 
approach uses dynamic ray tracing, considering 
a smooth description of the grain orientation.  In 
some cases, an analytical grain orientation law 
may be used.  Alternatively, the grain 
orientations can be computed on a grid thanks 
to image processing techniques performed on a 
macrography of the weld.  Simulation results 
using both approaches are presented, discussed 
and compared to finite elements and 
experimental results. 
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Sensitivity Analysis of an Ultrasonic 
Inspection of a Weld Structure Simulated 
with the Finite Element Code ATHENA 2D 
---Fabienne Rupin1, Géraud Blatman1, Sylvain 
Lacaze1, and Thierry Fouquet2, 1EDF R&D-Site 
des Renardières- Moret sur Loing, France; 2EDF 
R&D-Clamart, France  
 
---For comprehension purpose, numerical 
computations are more and more used to 
simulate the propagation phenomena observed 
during experimental inspections.   However, the 
good agreement between experimental and 
simulated data necessitates the use of accurate 
input data and thus a good characterization of 
the inspected material.  Generally the input data 
are provided by experimental measurements 
and are consequently tainted with uncertainties.  
Thus, it becomes necessary to evaluate the 
impact of these uncertainties on the outputs of 
the numerical model.  The aim of this study is to 
perform a probabilistic analysis of an ultrasonic 
inspection of an austenitic weld containing a 
manufactured defect based on advanced 
techniques such as polynomial chaos 
expansions and computation of sensitivity 
factors (Sobol, DGSM).  The simulation of this 
configuration with the finite element code 
ATHENA2D was performed 6 000 times with 
variations of the input parameters (in the present 
case, the columnar grain orientation and the 
elastic constants of the material).  The 6000 sets 
of input parameters were obtained from adapted 
statistical laws.  The output parameters (the 
amplitude and the position of the defect echo) 
distributions were then analyzed and the 95% 
confidence intervals were determined.  
4:10 PM 
 
New International Program to Assess the 
Reliability of Emerging Nondestructive 
Techniques (PARENT) 
---Iouri G. Prokofiev, Stephen E. Cumblidge, 
and Aladar A. Csontos, U.S. Nuclear Regulatory 
Commission (USNRC), Washington DC 20555; 
Steven R. Doctor and Brett G. Braatz, Pacific 
Northwest National Laboratory, Richland, WA 
99352 
 
---The Nuclear Regulatory Commission (NRC) 
established the PARENT program to follow-on to 
the successful Program for the Inspection of 
Nickel alloy Components (PINC).  The goal of 
PARENT is to conduct a confirmatory 
assessment of the reliability of nondestructive 
evaluation (NDE) techniques for detecting and 
sizing primary water stress corrosion cracks 
(PWSCC) and applying the lessons learned from 
PINC to a series of round-robin tests.  These 
open and blind round-robin tests will comprise a 
new set of typical pressure boundary 
components including dissimilar metal welds 
(DMWs) and bottom-mounted instrumentation 
penetrations.  Open round-robin tests will 
engage research and industry teams worldwide 
to investigate and demonstrate the reliability of 
emerging NDE techniques to detect and size 
flaws with a wide range of lengths, depths, 
orientations, and locations.  Blind round-robin 
tests will utilize various testing organizations, 
whose inspectors and procedures are certified 
by the standards for the nuclear industry in their 
respective countries, to investigate the ability of 
established NDE techniques to detect and size 
flaws whose characteristics range from relatively 
easy to very difficult for detection and sizing.  
Blind and open round-robin testing started in late 
2011 and early 2012, respectively.  This paper 
will present the work scope with reports on 
progress, NDE methods evaluated, and project 
timeline for PARENT. 
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The Software Application and Classification 
Algorithms for Welds Radiograms Analysis 
---Ryszard Sikora, Tomasz Chady, Piotr 
Baniukiewicz, Lech Napierala, and Tomasz 
Pietrusewicz, West Pomeranian University of 
Technology, Faculty of Electrical Engineering, 
Department of Electrical and Computer 
Engineering, Szczecin, Poland; Bogdan 
Grzywacz, West Pomeranian University of 
Technology, Faculty of Electrical Engineering, 
Department of Control and Measurements, 
Szczecin, Poland; Leszek Misztal, IT Team of 
National Tax Chamber, Szczecin, Poland; 
Bogdan Piekarczyk, Technic-Control, Szczecin, 
Poland 
 
---The paper presents a software 
implementation of an Intelligent System for 
Radiogram Analysis (ISAR).  The system has to 
support radiologist in welds quality inspection.  
The image processing part of software with 
graphical user interface and welds classification 
part are described with some classification 
results.  The image processing part contains 
algorithms, improving radiogram quality without 
making changes in defects features.  GUI is 
dedicated to work with radiograms’ images.  
Besides image filtering, there are applied some 
specialized functions for preparing radiogram to 
defects’ recognition and classification (e.g. 
specialized histogram normalization, 
thresholding, distance matrix calculation and 
defects’ grouping).  Classification was based on 
a few algorithms.  The rough sets theory was 
used as mathematical support for first among 
them.  The parameters of radiograms were 
collected in decision table containing 1573 
examples classified by expert, where each 
example was described with values of 76 
parameters.  Numerous experiments with data 
discretization, evaluations of parameters 
significancy and cross-validation verification 
procedure led to determination of classification 
rules, which finally covered about 95% testing 
cases with classification accuracy bigger than 
90%.  The second classification algorithm was 
obtained by learning of neural network.  The 
obtained high classification accuracy was about 
75%.   
4:50 PM 
 
New Requirements for Digital Radiographic 
Testing of Welds According to ISO 
Standards 
---Mirko Jechow, Uwe Zscherpel, and Uwe 
Ewert, BAM Federal Institute for Materials 
Research and Testing, Division 8.3, Radiological 
Methods, Unter den Eichen 87, D-12205 Berlin, 
Germany 
 
---Users of EN 14784-2 (general principles for 
computed radiology with phosphor imaging 
plates) reported about difficulties to achieve 
testing class B in weld testing with imaging 
plates. One of the reasons is the requirement to 
consider the inherent detector unsharpness.  
Digital detectors have a higher inherent 
unsharpness compared to film, which can even 
exceed the geometrical unsharpness of the 
typical contact technique.  In EN 444 and ISO 
5579 (general principles for film radiography) the 
inner unsharpness is neglected for the 
calculation of the minimum source-to-object 
distance (SOD), because it is small compared to 
the geometric unsharpness.  Considering it for 
digital detectors results in a new equation for 
SOD (see ISO/FDIS 17636-2).  Therefore, the 
increase in total unsharpness requires the 
compensation by a larger SOD.  This 
contribution discusses the need for change of 
the SOD for different setups (detectors, focal 
spots, etc.) and explains the difference in image 
quality, achieved on basis of the extended 
equation of ISO/FDIS 17636-2.  Furthermore, 
the detection of image quality indicators 
depends on the achieved Contrast-to-Noise ratio 
(CNR) and total image unsharpness.  Both of 
them are essential parameters, which influence 
the contrast sensitivity.  Additionally, new 
compensation principles (e.g. compensation of 
missing spatial resolution by enhanced contrast 
sensitivity) allow to widen the application range 
of digital detectors for radiographic weld testing. 
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C. Reboud, CEA, Chairperson 
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1:30 PM Modeling of Eddy Current Crack Inspections.  Experimental Validations and Practical 
Aspects of ECT 
---T. Theodoulidis, University of Western Macedonia, Department of Mechanical Engineering, 
Kozani, Greece 
 
2:10 PM  Sensitivity of EC-GMR Sensors to Orientation of Radial Cracks at Fastener Sites  
---G. Yang1, A. Tamburrino1,2, Z. Zeng3, Y. Deng4, X. Liu4, L. Udpa1, and S. S. Udpa1, 1Department 
of Electrical & Computer Engineering, Michigan State University, East Lansing, MI 48824; 
2Department of Electrical and Information Engineering, University of Cassino and Lazio 
Meridionale,Cassino 03043, Italy; 3Department of Aeronautics, Xiamen University, Xiamen, Fujian 
361005, China; 4Departments of Electrical Engineering, Bioengineering and Radiology, University 
of Colorado, Denver, Denver CO 80217-3364 
 
2:30 PM BEM Modeling for ECT Simulation of Complex Narrow Cracks in Multilayered Structures 
---R. Miorelli, CEA-LIST, Département Imagerie Simulation pour le Contrôle, Gif-sur-Yvette, 
France; C. Reboud, CEA-LIST, Département Imagerie Simulation pour le Contrôle, Gif-sur-Yvette, 
France; T. Theodoulidis, University of Western Macedonia, Department of Mechanical Engineering, 
Kozani, Greece; D. Lesselier, CNRS-SUPELEC- Université Paris Sud, Département de Recherche 
en Electromagnétisme – Laboratoire des Signaux et Systèmes UMR8506, France 
 
2:50 PM Modeling Eddy Current Interaction with Cracks in Tubes 
---J. R. Bowler, Y. Lu, and H. Xie, Iowa State University, Center for NDE, 1915 Scholl Road, 
Ames, IA 50011 
 
3:10 PM Break 
 
3:30 PM Efficient Numerical Models for the Hysteresis in NDE of Ferrous Materials by Magnetic 
Methods 
---M. d'Aquino, DIT, Università degli Studi di Napoli "Parthenope", Napoli, 80143, Italy; C. Petrarca, 
and G. Rubinacci, DIEL, Università di Napoli Federico II, Napoli, 80125, Italy; A. Tamburrino1,2,  
S. Ventre1, and F. Villone1, 1DIEI, Università degli Studi di Cassino e del Lazio Meridionale, 
Cassino, 03043, Italy; 2Department of Electrical and Computer Engineering, Michigan State 
University, East Lansing, Michigan 48824 
 
3:50 PM Enhanced Image Processing Methods for GMR Array Inspections of Multilayer Metallic 
Structures 
---J. C. Aldrin, Computational Tools, Gurnee, IL, 60031; D. Motes and D. S. Forsyth, TRI/Austin, 
Austin, TX 78746; G. Steffes, Air Force Research Laboratory (AFRL/RXLP), Wright-Patterson AFB, 
OH 45433 
 
4:10 PM Saturated Low Frequency Eddy Current Technique Applied to Phases Characterization in 
Duplex Stainless Steel 
---J. M. A. Rebello, C. G. Camerini, and M. C. L. Areiza, Federal University of Rio de Janeiro - 
Department of Metallurgical and Materials Engineering - COPPE/UFRJ - Rio de Janeiro - RJ, 
Brazil; R. W. Santos and R. O. Carneval, PETROBRAS R&D Center - Rio de Janeiro - RJ, Brazil 
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Modeling of Eddy Current Crack Inspections. 
Experimental Validations and Practical 
Aspects of ECT 
---Theodoros Theodoulidis, University of 
Western Macedonia, Department of Mechanical 
Engineering, Kozani, Greece 
 
---We perform a review of analytical and semi-
analytical (integral) methods for modeling eddy 
current nondestructive testing of cracks.  
Regarding latest developments and work 
underway, we present various extensions to an 
existing general model.  Among others, these 
extensions include arbitrary shape inspection 
coils, multiple inspection coil configurations and 
mutual impedance calculations, ferrite-core 
inspection coils, crack inspections with magnetic 
field sensors (e.g. Hall, SQUID), planar as well 
as cylindrical structures (boreholes, bars, tubes), 
multilayered specimens and arbitrary orientation 
cracks, cracks near straight edges, near 
boltholes or in tubes under support plates, and 
also pulsed/transient excitations.  For verification 
purposes, validating experiments are described 
and numerical (FEM) results are also presented.  
Finally, some practical aspects of ECT that can 
be resolved with the help of modeling are 
presented. 
2:10 PM 
 
Sensitivity of EC-GMR Sensors to 
Orientation of Radial Cracks at Fastener 
Sites  
---Guang Yang1, Antonello Tamburrino1,2, 
Zhiwei Zeng3, Yiming Deng4, X. Liu4, L. Udpa1, 
and S. S. Udpa1, 1Department of Electrical & 
Computer Engineering, Michigan State 
University, East Lansing, MI 48824; 2Department 
of Electrical and Information Engineering, 
University of Cassino and Lazio 
Meridionale,Cassino 03043, Italy; 3Department 
of Aeronautics, Xiamen University, Xiamen, 
Fujian 361005, China; 4Departments of Electrical 
Engineering, Bioengineering and Radiology, 
University of Colorado, Denver, Denver CO 
80217-3364 
 
---Eddy current excitation combined with 
magnetoresistive (MR) field sensors have shown 
promise in detecting deep embedded cracks 
under fastener heads (CUF) in multilayer 
structures. A detection system based on uniform 
linear eddy current excitation and giant-
magnetoresistive (EC-GMR) pick-up sensors 
has been developed.  The system utilizes 
normal and tangential components of the field 
and has been shown to provide improved 
detectability of 2nd and 3rd layer defects around 
Aluminum and steel fastener heads.  This paper 
studies the effect of crack orientation relative to 
excitation current and proposes an EC-GMR 
probe employing two orthogonal coils generating 
a rotating field for detecting cracks extending in 
all orientations around fastener site with good 
sensitivity.  The feasibility of the proposed 
approach is investigated using a computational 
finite element (FE) model and validated by 
experimental measurements. 
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BEM Modeling for ECT Simulation of 
Complex Narrow Cracks in Multilayered 
Structures 
---Roberto Miorelli, CEA-LIST, Département 
Imagerie Simulation pour le Contrôle, Gif-sur-
Yvette, France; Christophe Reboud, CEA-LIST, 
Département Imagerie Simulation pour le 
Contrôle, Gif-sur-Yvette, France; Theodoros 
Theodoulidis, University of Western Macedonia, 
Department of Mechanical Engineering, Kozani, 
Greece; Dominique Lesselier, CNRS-
SUPELEC- Université Paris Sud, Département 
de Recherche en Electromagnétisme – 
Laboratoire des Signaux et Systèmes 
UMR8506, France 
 
---Fast and reliable simulation of ECT signals in 
planar structures affected by cracks with very 
narrow openings is a challenging topic that has 
attracted the efforts of the scientific community 
in the last decades. Recently, promising 
developments in Boundary Element Method 
(BEM) applied to this problem have shown their 
high potential in terms of accuracy and reliability, 
when compared with experimental data, and 
computational performance. This communication 
presents a robust, efficient and general model 
based on BEM, simulating ECT signals due to 
narrow cracks affecting planar multilayered 
structures. Signals due to real cracks shapes, 
constituting a matter of interest in many 
industrial fields, are simulated as a succession 
of narrow cracks with canonical shapes with 
arbitrary position and orientation. Comparisons 
with results of numerical codes and 
experimental data are detailed in order to show 
the capability of the proposed BEM in terms of 
efficiency and accuracy. The very good 
validation results obtained have led to the 
integration of this model inside the NDT 
simulation platform CIVA, developed at CEA-
LIST. 
2:50 PM 
 
Modeling Eddy Current Interaction with 
Cracks in Tubes 
---J. R. Bowler, Y. Lu, and H. Xie, Iowa State 
University, Center for NDE, 1915 Scholl Road, 
Ames, IA  50011 
 
---A rapid and accurate method of computing the 
eddy current probe signals due to cracks in 
tubes is one base on an integral method which 
requires one to evaluation the electromagnetic 
field only in the flaw region. To do this using 
numerical methods needs only a few unknowns 
and hence the calculations are completed in, at 
most, a few minutes to good accuracy. The 
approach is well known but we have used a new 
formulation of the problem and introduced some 
refinements. For example, to ensure the results 
are reliable, the conditions for getting a precise 
solution have been examined in detail. We have 
made careful measurements on a through notch 
in a tube using a pancake coil, one whose axis 
is perpendicular to that of the tube, and 
compared predictions, corrected for capacitive 
effects, with measurements over a range of 
frequencies. The experimental data are 
available as a benchmark problem in a series of 
such problems available through the World 
Federation of NDE Centers web site. 
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Efficient Numerical Models for the Hysteresis 
in NDE of Ferrous Materials by Magnetic 
Methods 
---M. d'Aquino, DIT, Università degli Studi di 
Napoli "Parthenope", Napoli, 80143, Italy; C. 
Petrarca, and G. Rubinacci, DIEL, Università di 
Napoli Federico II, Napoli, 80125, Italy; A. 
Tamburrino1,2, S. Ventre1, and F. Villone1, 
1DIEI, Università degli Studi di Cassino e del 
Lazio Meridionale, Cassino, 03043, Italy; 
2Department of Electrical and Computer 
Engineering, Michigan State University, East 
Lansing, MI 48824 
 
---The demand for producing final and/or semi-
finished products in steel industry is 
continuously increasing. Material 
characterization is of paramount importance for 
quality controls of these products that require 
custom-tailored technological properties. Micro-
magnetic testing (MMT) is a nondestructive 
electromagnetic methods for material 
characterization of ferromagnetic materials and 
products suitable for replacing time-consuming 
and expensive destructive mechanical tests 
(tensile, hardness, creep, fatigue test). MMT is 
based on the concept that the material 
microstructure affects both the mechanical and 
magnetic properties of a ferromagnetic material.  
This work (supported in part by the European 
Commission, grant agreement no. 285549, FP7) 
is focused on the numerical modelling of 3MA 
(Multiparameter Micromagnetic Microstructure 
and stress Analyzer) based devices. The 3MA 
combines four (electromagnetic) micro-magnetic 
methods that, after calibration, allows to predict 
mechanical properties like tensile, yield strength, 
hardness and also residual stresses in steels. 
The main contribution of this work will be the 
numerical modeling of the interaction between 
low frequency electromagnetic fields and 
materials that are both conducting and magnetic 
(steel). We will present a frequency domain 
procedure based on the fixed point iteration 
scheme to deal with hysteretic magnetic 
characteristic in a period regime. 
3:50 PM 
 
Enhanced Image Processing Methods for 
GMR Array Inspections of Multilayer Metallic 
Structures 
---John C. Aldrin, Computational Tools, 
Gurnee, IL, 60031; Doyle Motes and David S. 
Forsyth, TRI/Austin, Austin, TX 78746; Gary 
Steffes, Air Force Research Laboratory 
(AFRL/RXLP), Wright-Patterson AFB, OH 45433 
 
---Eddy current inspection techniques 
incorporating giant magnetoresistive (GMR) 
array sensors have been developed and 
demonstrated to detect fatigue cracks at 
fastener sites in multi-layered specimens.  
However, in order to detect smaller cracks deep 
in complex aircraft structures, it becomes 
especially challenging to distinguish crack 
indications in the presence of sub-surface plate 
edge features, closely spaced fastener sites, 
irregular steel fastener responses, and sensor 
measurement variation.  The objective of this 
paper is to present a comprehensive processing 
approach to address these challenges.  
Following prior work, optimal phase angle 
adjustment was first implemented to enhance 
crack features and minimize fastener site 
responses.  To compensate for small but 
significant variations in sensitivity across the MR 
array, an auto-correction algorithm was 
developed.  Algorithms were also developed to 
extract the average and differential edge 
response vectors between fastener sites, and 
then estimate and remove the edge 
characteristic responses in the image.  Code 
was also developed to extract quantitative crack 
features in order to assess processing 
improvements.  Examples are presented that 
highlight the benefit of these algorithms for 
improving crack detection under challenging 
edge location and fastener spacing conditions.  
Lastly, parametric studies are presented that 
help improve the processing algorithms and 
guide manual interpretation of image data. 
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4:10 PM 
 
Saturated Low Frequency Eddy Current 
Technique Applied to Phases 
Characterization in Duplex Stainless Steel 
---João M. A. Rebello, Cesar G. Camerini, and 
Maria C. L. Areiza, Federal University of Rio de 
Janeiro - Department of Metallurgical and 
Materials Engineering - COPPE/UFRJ - Rio de 
Janeiro - RJ, Brazil; Rafael W. Santos and 
Ricardo O. Carneval, PETROBRAS R&D Center 
- Rio de Janeiro - RJ, Brazil 
 
---Duplex stainless steels (DSS) are two-phase 
materials whose microstructure consists of 
grains of ferrite (δ) and austenite (γ).  DSS 
exhibit attractive properties only when δ and γ 
phases are in equal proportions.  For this 
reason, it is worthwhile, for industrial 
applications, to have a NDE technique that could 
reliably determine the δ/γ ratio.  The goal of the 
present work is to develop an eddy current (EC) 
method to accomplish this task.  Four samples 
were prepared with different ratios of δ/γ.  
Previous works have shown that the 
conventional EC technique was unable to 
distinguish different amounts of these phases.  
In order to inspect the samples, a detailed study 
of the magnetic behavior of materials with 
different δ/γ ratios was accomplished, and, it 
was verified that the different δ/γ ratios become 
detectable around the saturation conditions.  
The current work cares about DSS inspection 
using EC methods in the saturation level.  
Simulations using commercial software were 
performed to check the capacity to saturate the 
samples using permanent magnets, and a Hall 
sensor to find the best configurations for the 
magnets.  Experimentally the samples were 
brought to saturation as designed in the 
simulations and the EC inspection was able to 
successfully separate then. 
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1:30 PM Simulation Study on Application of Empirical Dual-Energy Calibration Method to X-Ray 
Cargo Inspection 
---J. Lee1, Y. Lee1, B. Lee2, and S. Cho1, 1Korea Advanced Institute of Science and Technology, 
Nuclear and Quantum Engineering 373-1 Guseong-dong, Yuseong-gu, Daejeon, 305-701, Korea; 
2Korea Atomic Energy Research Institute 
 
1:50 PM Application of Computed Tomography Modeling to the Evaluation of Performances of 
Reconstruction Methods with CIVA Platform 
---M. Costin, S. Legoupil, D. Tisseur, and A. Vabre, CEA LIST, Department of Imaging & 
Simulation for Non-Destructive Testing, 91191 Gif-sur-Yvette, France 
 
2:10 PM Induction Thermography for Non-Destructive Evaluation of Adhesive Bonds 
---L. Balaji and K. Balasubramaniam, CNDE, Department of Mechanical Engineering, Indian 
Institute of Technology Madras, Chennai, India-600036; C. V. Krishnamurthy, Department of 
Physics, Indian Institute of Technology Madras, Chennai, India-600036 
 
2:30 PM  The Ultrasonic NDE of Titanium Diffusion Bonds Using Signal Phase 
---E. Escobar-Ruiz and P. Cawley, Imperial College, Mechanical Engineering, London, United 
Kingdom; P. B. Nagy, University of Cincinnati, Aerospace Engineering, Cincinnati, OH; I. Collison 
and D. Wright, Rolls-Royce plc, Derby, United Kingdom 
 
2:50 PM Inversion of TBET Data for Defect Sizing—A Simulation Study  
---B. Narayanan, Cochin University of Science and Technology, School of Engineering, Kochi, 
Kerala, India; K. Balasubramaniam, and N. Ganesan, IIT Madras, Department of Mechanical 
Engineering, Chennai, Tamil Nadu, India; C. V. Krishnamurthy, IIT Madras, Department of Physics, 
Chennai, Tamil Nadu, India 
 
3:10 PM Break 
 
3:30 PM Hall Coefficient Measurement for Nondestructive Materials Characterization 
---P. B. Nagy, University of Cincinnati, School of Aerospace Systems, Cincinnati, Ohio 45221 
 
3:50 PM Ultrasonic Measurements of Velocity for Modulus Assessment of a Material Using A Delay 
Line Approach 
---R. T. Ko2, M. Y. Chen1, W. C. Hoppe2, and J. L. Blackshire1, 1Air Force Research Laboratory, 
Wright-Patterson Air Force Base, OH 45433; 2University of Dayton Research Institute, 300 College 
Park, Dayton, OH 45469 
 
4:10 PM Ultrasonic Slow Dynamics to Probe Concrete Damage and Aging 
---E. Larose and N. Tremblay, ISTERRE, CNRS & Université of Grenoble, BP 53, 38041 Grenoble 
Cedex, France; C. Payan and V. Garnier, LMA, CNRS & Aix Marseille Université; V. Rossetto, 
LPMMC, CNRS & Université of Grenoble, 38042 Grenoble Cedex, France 
 
4:30 PM Development and Validation of a Full Matrix Capture Solution 
---D. Richard and P. Tremblay, Zetec, 875, boul. Charest Quest – Suite 100, Québec, QC, G1N 
2C9, Canada 
 
4:50 PM Ultrasonic Inspection of Rocket Fuel Model Using Laminated Transducer and Multi-Channel 
Step Pulser 
---T. Mihara, T. Hamajima, and H. Tashiro, Graduate School of Engineering, University of Toyama, 
Toyama, Toyama, Japan; Akira Sato, IHIAeroSpace Ltd. Co. 
 
MONDAY, SESSION 6 
 - 23 - 
1:30 PM 
 
Simulation Study on Application of Empirical 
Dual-Energy Calibration Method to X-Ray 
Cargo Inspection 
---Jiseoc Lee1, Yunjeong Lee1, Byungcheol 
Lee2, and Seungryong Cho1, 1Korea Advanced 
Institute of Science and Technology, Nuclear 
and Quantum Engineering 373-1 Guseong-
dong, Yuseong-gu, Daejeon, 305-701, Korea; 
2Korea Atomic Energy Research Institute 
 
---Cargo inspection using a single-energy range 
of X-ray may have a limitation of detecting an 
explosive material because of its poor capability 
to distinguish the detected objects of similar 
density.  Thus, it is desirable to apply a material-
selective imaging technique such as dual-energy 
X-ray imaging.  We implemented an empirical 
dual-energy calibration (EDEC) technique to 
derive material decomposition formulae in a 
numerical simulation study.  A calibration 
phantom consisting of half-cylinder of lead and 
the other half of acrylic material was used.  The 
technique does not require knowledge of X-ray 
energy spectra nor the attenuation coefficients 
of the calibration phantom materials in contrast 
to other decomposition algorithms.  Material 
decomposition formulae are expressed in the 
polynomials whose coefficients are determined 
via optimizing the computed tomography images 
of the phantom.  We used 6 MV and 9 MV for 
the accelerating voltages of the electrons for our 
linac simulation.  After EDEC, we applied the 
material decomposition formulae to the 
simulated dual-energy cargo projection data.  
Lead-based and acryl-based images were 
successfully acquired by use of the developed 
method.  We further categorized the materials 
into 4 groups based on the decomposed 
images, and displayed them in pseudo-color 
images.  We believe that the EDEC allows an 
efficient and fast material decomposition for 
cargo inspection systems. 
1:50 PM 
 
Application of Computed Tomography 
Modeling to the Evaluation of Performances 
of Reconstruction Methods with CIVA 
Platform 
---Marius Costin, Samuel Legoupil, David 
Tisseur, and Alexandre Vabre, CEA LIST, 
Department of Imaging & Simulation for Non-
Destructive Testing, 91191 Gif-sur-Yvette, 
France 
 
---Due to its high complexity and its growing use, 
computed tomography (CT) requires a 
sophisticated modeling in order to optimize a CT 
system.  This was the main motivation to 
integrate a CT module to the CIVA simulation 
platform.  The projection data is simulated with a 
hybrid approach, a combination of a fast 
analytical projector and a Monte Carlo engine 
which takes into account all the physical 
interactions within the energy interval of interest, 
from 1 keV to 10 MeV.  Several algorithms are 
available and may be used to reconstruct the 
simulated X-ray projections.  This paper 
presents comparison studies of the images 
reconstructed with different algorithms.  We 
evaluate the quality of several reconstructions 
obtained by varying the number of projections 
and the integration time.  We present also a 
comparison between experimental results 
obtained with a calibration phantom on a micro-
CT device to simulated results obtained by 
reconstructing the computed projections of the 
same phantom as a numerical object. 
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Induction Thermography for Non-Destructive 
Evaluation of Adhesive Bonds 
---L. Balaji and Krishnan Balasubramaniam, 
CNDE, Department of Mechanical Engineering, 
Indian Institute of Technology Madras, Chennai, 
India-600036; C. V. Krishnamurthy, Department 
of Physics, Indian Institute of Technology 
Madras, Chennai, India-600036 
 
---Adhesive bonding is widely used in 
Automotive industry in the recent times.  One of 
the major problems with adhesive bonds is the 
lack of a suitable non-destructive evaluation 
technique for assessing bonding.  In this paper, 
an experimental study was carried out to apply 
induction thermography technique to evaluate 
adhesively bonded steel plates.  Samples were 
fabricated with artificial defects such as air gap, 
foreign material, and improper adhesive filling.  
Induction thermography technique was found to 
detect defects and foreign inclusions.  The 
sample specimen was also inspected using 
standard techniques such as Ultrasonic testing 
and Radiography testing.  Defect detecting 
capabilities of the three techniques are 
compared.  Induction thermography heating was 
FE modeled using COMSOL 3.5a.  The 
simulated Induction thermography model was 
compared and validated with experimental 
results. 
2:30 PM 
 
The Ultrasonic NDE of Titanium Diffusion 
Bonds Using Signal Phase 
---Edwill Escobar-Ruiz and Peter Cawley, 
Imperial College, Mechanical Engineering, 
London, United Kingdom; Peter B. Nagy, 
University of Cincinnati, Aerospace Engineering, 
Cincinnati, OH; Ian Collison and David Wright, 
Rolls-Royce plc, Derby, United Kingdom 
 
---Diffusion bonds offer superior mechanical 
properties compared with conventional joining 
methods.  The full exploitation of these types of 
bonds in titanium components is currently limited 
by the lack of robust Non-Destructive Evaluation 
(NDE) techniques that can overcome the 
crystallographic anisotropy of titanium alloys.  
The work presented here is based on modeling 
the titanium–titanium diffusion bond plane as a 
quasi-static distributed mass–spring system and 
observing the phase changes imparted on 
ultrasonic pulses by imperfect bonding at this 
interface.  It has been found that phase changes 
tending towards 90° are indicative of poor 
bonding while phase changes of 0° or 180° 
result from well-bonded regions of the interface. 
The procedure for indirectly estimating the 
interfacial stiffness from these phase 
measurements is described, and the benefit of 
doing so is highlighted.  A description of 
completed experimental work is provided, with 
results presented to illustrate the improvements 
over conventional ultrasonic techniques that 
may be obtained by using the signal phase to 
assess diffusion-bond quality.  Samples with 
varying degrees of bond quality have been 
created by introducing contaminants at the bond 
interface, and the bond quality of these samples 
is compared with the estimated interfacial 
stiffness obtained via the ultrasonic signal 
phase. 
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Inversion of TBET Data for Defect Sizing—A 
Simulation Study  
---Biju Narayanan, Cochin University of Science 
and Technology, School of Engineering, Kochi, 
Kerala, India; Krishnan Balasubramaniam and 
N. Ganesan, IIT Madras, Department of 
Mechanical Engg, Chennai, Tamilnadu, India; C. 
V. Krishnamurthy, IIT Madras, Department of 
Physics, Chennai, Tamilnadu, India 
 
---Thermography is one of the relatively recent 
techniques that is being used in non-destructive 
evaluation for defect characterization and 
material property evaluation.  This method finds 
applications in a wide range of industries 
including aerospace, energy, infrastructure, and 
defense.  The process of induction heating 
consists of development of eddy currents in a 
conducting material by electromagnetic 
induction and the consequent generation of heat 
by Joule heating.  The heat diffuses in the 
material and the temperature on the surface of 
the specimen changes.  In this paper, the results 
of the simulation study to reconstruct the size of 
the defects from the data obtained using the 
active thermography technique based on 
transient induction heating, will be presented.  
The forward problem of electro-magnetic 
induction was solved with an axi-symmetric 
model using finite element method and from the 
temperature history profiles, an inverse analysis 
was performed using Genetic Algorithm (GA) to 
size the defect.  Simulations were performed 
using the finite element model to obtain the 
temperature data which are then used to 
reconstruct the radius (rd) and depth (dd) of the 
wall thinning defects in aluminum plate using 
inversion method.  Two cases, coil inner radius 
less than the defect radius (rc<rd) and coil inner 
radius greater than the defect radius (rc>rd), 
were considered.  The analysis of the sensitivity 
of coil dimensions to the calculated peak 
temperature at the observation point was carried 
out. 
3:30 PM 
 
Hall Coefficient Measurement for 
Nondestructive Materials Characterization 
---Peter B. Nagy, University of Cincinnati, 
School of Aerospace Systems, Cincinnati, OH 
45221 
 
---While other intrinsic electric properties, such 
as electric conductivity and, to a lesser degree, 
thermoelectric power, are widely used in NDE, 
Hall coefficient measurements have never been 
seriously pursued for this purpose probably 
because the measurements are rather difficult to 
perform in high-conductivity materials like 
metals.  In contrast to electric conductivity, the 
Hall coefficient is influenced mainly by the 
concentration density of the free charge carriers 
but not so much by their mobility.  Therefore, 
Hall coefficient measurements in plates and 
subsurface layers of bulk metals could be 
valuable additions to our arsenal of NDE tools.  
We successfully modified the square-electrode 
alternating current potential drop (ACPD) 
method by superimposing an external magnetic 
bias field modulation to measure the Hall 
coefficient.  The presence of the magnetic field 
violates the Reciprocity Theorem unless the sign 
of the magnetic field is switched between the 
two measurements  , which can be exploited to 
measure the Hall coefficient in the presence of 
other variations that would otherwise hide it.  
This new experimental method was tested on 
paramagnetic SS304, Ti-6Al-4V, and aluminum 
alloys and yielded a ±4% reproducibility that 
probably could be further improved in the future.  
The potential applications of this new technique 
will have to be investigated.  As a first step, we 
have conducted reversible applied stress 
measurements in Al1100 plates and found the 
sensitivity of the technique surprisingly high. 
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3:50 PM 
 
Ultrasonic Measurements of Velocity for 
Modulus Assessment of a Material Using A 
Delay Line Approach 
---R. T. Ko2, M. Y. Chen1, W. C. Hoppe2, and J. 
L. Blackshire1, 1Air Force Research Laboratory, 
Wright-Patterson Air Force Base, OH 45433; 
2University of Dayton Research Institute, 300 
College Park, Dayton, OH 45469 
 
---In an effort to evaluate the modulus of 
materials at elevated temperatures, an 
ultrasonic delay line approach was developed.  
Low frequency longitudinal ultrasonic waves 
were transmitted through a delay line, into a 
material, and received by another delay line at 
the opposite side of the material.  The goal was 
to measure the ultrasonic velocity and use this 
information to infer the modulus of the material 
studied.  During our initial study, we tested the 
setup with a known material, an aluminum alloy, 
using delay lines at ambient temperature to 
examine the feasibility of this approach. Bulk 
velocities of the alloy were also measured on 
this alloy as a baseline.  Due to the low 
frequency used, interference occurred between 
multiple passes of the ultrasound through the 
material resulting in a lower than expected 
measured velocity.  In corporation of a 
transmission coefficient in the model of the 
experiment corrected the expected timing of the 
ultrasonic signals, reconciling the model to 
measurements of velocity. 
4:10 PM 
 
Ultrasonic Slow Dynamics to Probe Concrete 
Damage and Aging 
---Eric Larose and Nicolas Tremblay, ISTERRE, 
CNRS & Univ. of Grenoble, BP 53, 38041 
Grenoble Cedex, France; Cedric Payan  and 
Vincent Garnier, LMA, CNRS & Aix Marseille 
Université; Vincent Rossetto, LPMMC, CNRS & 
Univ. of Grenoble, 38042 Grenoble Cedex, 
France 
 
---The stiffness of concrete (a consolidated 
granular medium) experiences a drop 
immediately after a moderate mechanical 
solicitation. Then the stiffness rises back toward 
its initial value, following a logarithmic time 
evolution called slow dynamics. In the literature, 
slow dynamics has been probed by macroscopic 
quantities averaged over the sample volume, for 
instance, by the resonant frequency of 
vibrational eigenmodes. This article presents a 
different approach based on diffuse acoustic 
wave spectroscopy, a technique that is directly 
sensitive to the details of the sample structure. 
The parameters of the dynamics are found to 
depend on the damage of the medium. Different 
levels of aging have been obtained after thermal 
heating. Results confirm that slow dynamics can 
be used onsite to assess the level of damage of 
a given structure. 
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4:30 PM 
 
Development and Validation of a Full Matrix 
Capture Solution 
---Daniel Richard and Patrick Tremblay, Zetec, 
875, boul. Charest Quest – Suite 100, Québec, 
QC, G1N 2C9, Canada 
 
---For the last 15 years, phased array has 
completely changed the face of ultrasonic non-
destructive testing.  This now-mature and widely 
adopted technology allows highly efficient 
inspections to be carried on critical components 
in aerospace, oil & gas, heavy industry and 
power generation plants.  The Full Matrix 
Capture (FMC) technique is an upcoming and 
promising application of the phased array 
technology.  It consists of capturing and storing 
all possible time-domain signals (A-Scans) from 
every transmitter-receiver pair of elements in the 
array.  After recording, all raw information is 
available to generate the data resulting for any 
given beam (aperture, refracted/skew angles, 
focusing position), through off-line processing.  
This paper will address the challenges faced in 
order to achieve an efficient FMC data collection 
and will show the data processing capabilities 
that the technique has to offer.  Results of a 
complete validation program will also be 
presented.  Moreover, various aspects of the 
hardware and software specification will be 
addressed, highlighting the potential benefit of 
enhanced performance on the FMC 
implementation. 
4:50 PM 
 
Ultrasonic Inspection of Rocket Fuel Model 
Using Laminated Transducer and Multi-
Channel Step Pulser 
---Tsuyoshi Mihara, Takumi Hamajima, and 
Hatsuzo Tashiro, Graduate School of 
Engineering, University of Toyama, Toyama, 
Toyama, Japan; Akira Sato, IHIAeroSpace Ltd. 
Co. 
 
---For the ultrasonic inspection for the packing of 
solid fuel in a rocket booster, an industrial 
inspection is difficult.  Because the signal to 
noise ratio in ultrasonic inspection of rocket fuel 
become worse due to the large attenuation even 
using lower frequency ultrasound.  For the 
improvement of this problem, we tried to applied 
the two techniques in ultrasonic inspection, one 
was the step function pulser system with the 
super wideband frequency properties and the 
other was the laminated element transducer.  By 
combining these two techniques, we developed 
the new ultrasonic measurement system and 
demonstrated the advantages in ultrasonic 
inspection of rocket fuel model specimen. 
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NDE for 
Structural 
Health 
Monitoring 
Chasm Creek AB 
Session 15 
NDE for Materials 
Characterization 
Grand Mesa  
Ballroom C 
3:10 COFFEE BREAK 
3:30     
3:50     
4:10     
4:30     
4:50     
5:10     
5:30 ADJOURN 
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SESSION 7 
GUIDED WAVES II 
C. Lissenden and J. Rose, Penn State, Co-Chairpersons 
Chasm Creek AB 
 
 
  8:30 AM Qualification Requirements of Guided Ultrasonic Waves for Inspection of Piping in Light 
Water Reactors 
---R. M. Meyer, P. Ramuhalli, S. R. Doctor, and L. J. Bond, Pacific Northwest National Laboratory, 
Richland, WA 99352 
 
  8:50 AM Higher Harmonic Guided Waves in Isotropic Weakly Non-Linear Elastic Plates 
---V. K. Chillara and C. Lissenden, Penn State, Department of Engineering Science and 
Mechanics, State College, PA 16802 
 
  9:10 AM New Developments in Electromagnetic Acoustic Transducer (EMAT) Techniques for Surface 
Inspection 
---H. Gao, S. Ali, P. Lekeaka, and B. Lopez, Innerspec Technologies, Inc., Lynchburg, VA 24501 
 
  9:30 AM Lamb Waves in Disbonded Sandwich Structures 
---A. Mal and H. Baid, University of California, Mechanical and Aerospace Engineering 
Department, Los Angeles, CA 90095; F. Ricci, Aerospace Engineering Department, University of 
Naples “Federico II”, Italy 
 
  9:50 AM Guided Wave Mode Pairs for Transmissibility in Adhesively Bonded Metal Plates  
---P. Puthillath, B. Ren, C. J. Lissenden, and J. L. Rose, Penn State, State College, PA 16802 
 
10:10 AM Break 
 
10:30 AM Ultrasonic Waves Guided by Transverse Bends in Plates Subjected to Symmetric Excitation 
---A. Ramadhas, S. P., R. K. Pattanayak, P. Rajagopal, and K. Balasubramaniam, Center for 
Nondestructive Evaluation, Indian Institute of Technology - Madras, Chennai, Tamil Nadu, India 
 
10:50 AM Permanently Installed Guided Wave Pipeline Monitoring 
---A. Galvagni and P. Cawley, Imperial College, Mechanical Engineering, London, United Kingdom 
 
11:10 AM Multi-Path Guided Wave Imaging for In Situ Monitoring of Complex Structures 
---J. S. Hall, Hidden Solutions, LLC, Yulee, FL 32097; J. E. Michaels, Georgia Institute of 
Technology, School of Electrical and Computer Engineering, Atlanta, GA 30332 
 
11:30 AM Planar Guided Waves for SHM of Plate Structures Using Piezoelectric Fiber Transducers 
---C. J. Lissenden and J. L. Rose, Pennsylvania State University, Department of Engineering 
Science and Mechanics, College of Engineering, Pennsylvania State University, PA 16802;  
M. H. Soorgee and A. Yousefi-Koma, University of Tehran, Advanced Dynamic and Control 
Systems Laboratory, School of Mechanical Engineering, College of Engineering, Tehran, Iran 
 
11:50 AM Analysis of Guided Wave Scattering Due to Defects in Rails Using a Hybrid FE-SAFE Method 
---C. S. Long and P. W. Loveday, CSIR Material Science and Manufacturing, Pretoria, South Africa 
 
12:10 PM Lunch 
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8:30 AM 
 
Qualification Requirements of Guided 
Ultrasonic Waves for Inspection of Piping in 
Light Water Reactors  
---Ryan M. Meyer, Pradeep Ramuhalli, Steven 
R. Doctor, Leonard J. Bond, Pacific Northwest 
National Laboratory, Richland, WA 99352 
 
---Guided ultrasonic waves (GUW) are being 
increasingly used for both nondestructive testing 
and monitoring of piping. GUW offers 
advantages over many conventional 
nondestructive examination (NDE) technologies 
due to the ability to inspect large volumes of 
piping components without significant removal of 
thermal insulation or protective layers. In 
addition, regions rendered inaccessible to 
conventional NDE technologies may be more 
accessible using GUW techniques. For these 
reasons, utilities are increasingly considering the 
use of GUWs for performing the inspection of 
piping components in nuclear power plants 
(NPPs). GUW is a rapidly evolving technology 
and its usage for inspection of NPP components 
requires refinement and qualification to ensure it 
is able to achieve consistent and acceptable 
levels of performance.  This paper will discuss 
potential requirements for qualification of GUW 
techniques for the inspection of piping 
components in light water reactors (LWRs). The 
Nuclear Regulatory Commission has adopted 
ASME Boiler and Pressure Vessel Code 
requirements in Sections V, III, and XI for 
nondestructive examination methods, fabrication 
inspections, and pre-service and in-service 
inspections. A Section V working group has 
been formed to place the methodology of GUW 
into the ASME Boiler and Pressure Vessel Code 
but no requirements for technique, equipment, 
or personnel exist in the Code at this time. 
8:50 AM 
 
Higher Harmonic Guided Waves in Isotropic 
Weakly Non-Linear Elastic Plates 
---Vamshi Krishna Chillara and Cliff J 
Lissenden, Penn State, Department of 
Engineering Science and Mechanics, State 
College, PA 16802 
 
---Use of nonlinear guided waves appears a 
promising option for material characterization, 
but appropriate guided wave mode selection is a 
critical issue. A theoretical framework to predict 
the higher harmonic guided wave generation in 
plates has been developed in this work. A new 
formulation in terms of the displacement 
gradient has been developed for studying the 
problem of second harmonic guided waves. A 
perturbation technique and normal mode 
expansion have been used to solve the problem 
and arrive at the conditions of “internal 
resonance” which are sufficient for the 
generation of cumulative second harmonics. A 
comprehensive analysis as to which guided 
wave modes have the capability to generate 
cumulative second harmonic guided waves has 
been performed and is extended to predict the 
non-linear interaction of guided waves in plates. 
The analysis led to the conclusion that Shear 
Horizontal and Rayleigh Lamb modes can 
generate only Rayleigh Lamb symmetric modes 
as second harmonics with single primary mode 
excitation. The analysis on generalized 
interaction of Rayleigh-Lamb guided wave 
modes led to the conclusion that the interaction 
of modes of same nature can generate only 
symmetric modes while that between modes of 
opposite nature can generate only antisymmetric 
modes as cumulative harmonics. 
  
TUESDAY, SESSION 7 
- 30 - 
9:10 AM 
 
New Developments in Electromagnetic 
Acoustic Transducer (EMAT) Techniques for 
Surface Inspection 
---Huidong Gao, Syed Ali, Peter Lekeaka, and 
Borja Lopez, Innerspec Technologies, Inc., 
Lynchburg, VA, 24501 
 
---Nondestructive testing (NDT) is a critical 
component in the quality control of 
manufacturing processes and safety insurance 
during the service life of special equipment and 
critical components in infrastructures.  Surface 
inspection is one of the most important aspects 
of NDT besides the detection of internal 
discontinuities.  This is not only because the 
surface condition affects the appearance of a 
product but also small surface breaking 
discontinuities may grow into large 
discontinuities and finally affect the usefulness 
of the product.  Electromagnetic acoustic 
transducer (EMAT) as an alternative and new 
ultrasonic testing method can be used to 
generate surface waves without using liquid 
couplant. As a result, EMAT in principal is very 
suitable for surface inspection with all the 
benefits inherent from an ultrasonic testing. 
Some of the benefits listed are: a) The 
inspection is sensitive to structural critical 
discontinuities but not to cosmetic issues, (b)The 
inspection is dry no chemicals and hazardous 
materials involved in the inspection; convenient 
processing before and after inspection; Low cost 
on consumables, (c) Suitable for high 
temperature applications low temperature 
applications, and test pieces with certain surface 
roughness, (d) Surface wave can propagate and 
inspect a large area with sensors at one location 
large sensor array is not necessary, (e) Can be 
integrated into automated inspection systems to 
achieve fast inspection speed, (f) Recordable 
and retrievable data for future analysis, 
comparison, and monitoring.  In this paper, we 
will discuss the principles of EMAT surface 
inspection, new developments in EMAT sensors, 
equipment, and systems for surface inspection, 
as well as recent industrial applications on billet, 
plate, and wind mill towers, parametric study of 
surface wave interaction with defects at different 
depth and orientation is also presented in this 
paper for future defect characterization and 
sizing. 
9:30 AM 
 
Lamb Waves in Disbonded Sandwich 
Structures 
---Ajit Mal and Harsh Baid, University of 
California, Mechanical and Aerospace 
Engineering Department, Los Angeles, CA 
90095; Fabrizio Ricci, Aerospace Engineering 
Department, University of Naples “Federico II”, 
Italy 
 
---Honeycomb composite structures find a wide 
range of applications in many aerospace and 
civil fields, due to their high stiffness to weigh 
ratio and.  Despite their high structural 
efficiency, they are highly susceptible to both 
barely visible damages on the skin, and skin-
honeycomb debond, that might reduce the 
overall strength well below the sizing limit loads. 
Ultrasonic waves are widely used to detect 
damage in both metallic and composites 
structures, and the analysis of their interaction 
with defects gives important information on the 
state of health of such structures. In honeycomb 
sandwich structures the geometrical complexity 
and the presence of certain irregularities such as 
the skin-celled core and disbonding, make the 
prediction of wave propagation using only 
theoretical approaches very difficult, except in 
highly idealized models. In this paper ultrasonic 
wave propagation in a sandwich plate is 
investigated using theoretical, numerical and 
experimental approaches. The sandwich plate 
consists of two thin woven composite skins and 
a thick aluminum honeycomb core. Due to the 
relatively low frequencies used in this work, both 
materials are assumed to be transversely 
isotropic with a common symmetry axis normal 
to the plate. The elastic properties of the 
composite and the honeycomb are determined 
using a combination of mechanical and 
ultrasonic tests. For the damaged case, disbond 
at the skin-core interface is introduced in the 
laboratory and theoretical models. In the 
experiments, the elastic waves are generated by 
a broadband PZT transducer located on the 
plate surface and recorded by an identical 
transducer placed at different locations on the 
surface in the vicinity of the disbond. As a 
consequence of the interaction between the 
propagating waves and the disbond, the signals 
recorded by the transducers are distorted 
relative to the undamaged case. The signal 
distortions are reproduced very accurately in 
theoretical and numerical models. 
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9:50 AM 
 
Guided Wave Mode Pairs for Transmissibility 
in Adhesively Bonded Metal Plates 
---Padmakumar Puthillath, Baiyang Ren, Cliff J. 
Lissenden, and Joseph L. Rose, Penn State, 
State College, PA 16802 
 
---When using a pitch-catch mode to monitor or 
inspect adhesively bonded joints between metal 
adherends it is important to transmit wave 
energy across the waveguide transitions. 
Previous work has shown that guided wave 
energy transmission across a transition is 
promoted by modes that have well correlated 
wave structures in the continuous portion of the 
wave guide.  Inspection of the adhesive joint in a 
skin-stringer structure is a good example. 
Suppose there is a transmitter on the skin to the 
left of the joint and a receiver on the skin to the 
right of the joint.  We seek a guided wave mode 
in the skin-adhesive-stringer region that has the 
same displacement profile in the skin as the 
incident mode it converts from and then back 
into.  In some cases two modes in the skin-
adhesive-stringer region were found to have 
nearly identical displacement profiles through 
the thickness of the skin.  These two modes are 
called a mode-pair, and one has a symmetric in-
plane displacement profile in the stringer while 
the other has an antisymmetric profile. 
10:30 AM 
 
Ultrasonic Waves Guided by Transverse 
Bends in Plates Subjected to Symmetric 
Excitation 
---Abilasha Ramadhas, Sreedhar P., Roson 
Kumar Pattanayak, Prabhu Rajagopal, and 
Krishnan Balasubramaniam, Center for 
Nondestructive Evaluation, Indian Institute of 
Technology - Madras, Chennai, TN, India 
 
---Ultrasonic guided waves are now well 
established in long range inspection, especially 
of pipelines.  They also hold much promise for 
the rapid NDE of plates and plate-like structures.  
However the inspection of practical plate 
assemblies is often challenging due to the 
presence of complex features such as bends 
and corners.  The objective of the work 
presented in this paper is to investigate the 
influence of bends or curvature in the transverse 
direction on the propagation of guided waves in 
plates.  We use 3D finite element (FE) 
simulation to show that bends in plates can 
concentrate and guide ultrasonic energy along 
the direction of wave propagation.  Two 
interesting feature-guided modes are identified 
when the bent plate is subjected to ‘in-plane’ or 
axial excitation applied uniformly along a 
through-thickness line bisecting the bend.  Of 
these, the faster travelling mode has properties 
similar to, but travels at group velocities lower 
than, the S0 (fundamental symmetric) Lamb 
mode in normal plates.  In this paper however, 
we focus on the slower bend-guided mode that 
is surprisingly similar to the A0 (fundamental 
antisymmetric) Lamb mode in normal plates, as 
the generation of this type of mode for a 
thickness-wise symmetric excitation is 
unexpected.  These results and trends are 
validated with experiments.  The results are also 
discussed in light of simple modal studies using 
the Semi Analytical Finite Element (SAFE) 
method. 
  
TUESDAY, SESSION 7 
- 32 - 
10:50 AM 
 
Permanently Installed Guided Wave Pipeline 
Monitoring 
---Andrea Galvagni and Peter Cawley, Imperial 
College, Mechanical Engineering, London, 
United Kingdom 
 
---Ultrasonic guided waves are routinely used to 
inspect pipes.  The advantage of this technique 
is that it enables fully-volumetric screening of 
several meters of pipe from a single sensor 
location, resulting in substantial time and cost 
savings.  Permanently installed guided wave 
sensors are particularly attractive for pipeline 
inspection as they offer significant cost 
reductions and enhanced structural health 
monitoring capabilities.  Previous work on data 
from industrial sensor installations demonstrated 
that the use of baseline subtraction allows 
significant damage sensitivity improvements, 
particularly in the vicinity of large reflectors.  This 
paper presents a statistical method based on 
sequential analysis principles with which data 
collected from industrial sensor installations over 
time can be analyzed in order to ascertain the 
growth of damage with prescribed probabilities 
of false-calling and non-detecting.  It is shown 
that the use of this method enables not only 
damage to be detected, but more importantly to 
model how minimum damage detectability at all 
positions along the pipe will evolve over time as 
a result of uncompensated environmental 
effects.  This information can be then used to 
actively adjust the data collection interval of 
permanently installed sensors in order to 
guarantee the detection of a given magnitude of 
damage growth. 
11:10 AM 
 
Multi-Path Guided Wave Imaging for In Situ 
Monitoring of Complex Structures 
---James S. Hall, Hidden Solutions, LLC, Yulee, 
FL 32097; Jennifer E. Michaels, Georgia 
Institute of Technology, School of Electrical and 
Computer Engineering, Atlanta, GA 30332 
 
---There is a well-recognized need within the 
structural health monitoring community to 
inspect large, complex structures in a rapid, 
reliable, and cost-effective fashion.  Ultrasonic 
guided waves hold promise because these 
waves have been shown to travel long distances 
and remain sensitive to both surface and 
subsurface features, even in complex structures.  
Distributed arrays of permanently attached, 
inexpensive piezoelectric transducers are 
perhaps the most effective tools for performing 
guided wave inspections; however, guided 
waves recorded from these arrays are very 
complex and can be difficult to interpret.  Current 
imaging algorithms used to interpret recorded 
guided waves address the complexity by 
considering only the direct-path propagation 
between each sensor and points of interest on 
the structure.  Built-up structures that contain 
multiple features, such as stiffeners, ribs, cut-
outs and fasteners, compound the difficulty of 
interpretation by substantially increasing the 
number of multi-path echoes and even 
precluding direct-path propagation between 
many portions of the structure.  This work 
addresses the inherent challenges of working 
with complex structures by leveraging, rather 
than ignoring, the multi-path echoes present in 
ultrasonic guided wave signals through the use 
of experimentally estimated Green’s functions.  
Results will be presented for both simulation and 
experimental test cases to validate the proposed 
methods. 
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Planar Guided Waves for SHM of Plate 
Structures Using Piezoelectric Fiber 
Transducers 
---C. J. Lissenden and J. L. Rose, Department of 
Engineering Science and Mechanics, College of 
Engineering, Pennsylvania State University, PA 
16802; M. H. Soorgee and A. Yousefi-Koma, 
Advanced Dynamic and Control Systems Lab. 
School of Mechanical Engineering, College of 
Engineering, University of Tehran, Tehran, Iran 
 
---Planar guided waves are investigated to 
provide a structural health monitoring capability 
for plate-like structures.  One advantage is the 
lack of beam spreading and associated 
amplitude reduction.  Piezoelectric fiber 
composite strip transducers are good candidates 
for planar lamb mode generation and can be 
fabricated to provide a strong piezoelectric 
coupling coefficient. These transducers can also 
function as sensors, but their sensitivity to 
localized damage needs to be quantified. In this 
paper, a finite element model of transducers 
bonded to an aluminum plate is used to study 
planar wave excitation, interaction with a 
through-thickness crack, and sensing. Comb 
transducer excitation has been employed to 
excite a single mode based on dispersion curve 
analysis.  The Co-Simulation capability in 
ABAQUS was used to investigate the best 
variable to consider as a sensor signal.  The 
procedure explicitly shows that a linear 
combination of in-plane and out of plane strains 
matches the transducer obtained voltage better 
than it does displacements.  A combination of 
infinite elements and viscous surface tractions 
were employed to minimize unwanted boundary 
reflections to enable study of sensor sensitivity 
to small defects. Finally, design of a piecewise 
sensing element has led to successfully defining 
the location of a crack that is only 1.5% the 
length of the transducer. 
11:50 AM 
 
Analysis of Guided Wave Scattering Due to 
Defects in Rails Using a Hybrid FE-SAFE 
Method 
---Craig S. Long and Philip W. Loveday, CSIR 
Material Science and Manufacturing, Pretoria, 
South Africa 
 
---The analysis of travelling waves in elastic 
waveguides with complex cross-sections, such 
as train rails, can only be conveniently 
performed numerically.  The Semi-Analytical 
Finite Element (SAFE) method has become a 
popular tool for performing such analyses.  This 
paper employs a hybrid Finite Element (FE)-
SAFE method to investigate the scattering of 
guided waves interacting with defects, such as 
poor quality welds in continuously welded train 
rails.  The method efficiently employs a 
traditional 3D finite element mesh of the volume 
containing the defect, thereby allowing for 
defects of arbitrary shape, while modeling the 
incoming and outgoing waveguides using the 
SAFE method.  The aim of the analysis is to 
predict transmission and reflection coefficients 
for a given incident wave and discontinuity with 
known geometry.  This characterization is useful 
for predicting the long-range transmission 
characteristics of transducers in NDT inspection 
and monitoring systems, such as the ultrasonic 
rail break alarm system developed by the 
Institute for Maritime Technology (IMT) and the 
Council for Scientific and Industrial Research 
(CSIR).  The analysis is further aimed at 
predicting typical reflections and their 
propagation characteristics from defects. 
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SESSION 8 
DEFECT SIZING AND CHARACTERIZATION 
L. Bond (Iowa State University) and P. Wilcox (University of Bristol), Co-Chairpersons 
Grand Mesa Ballroom A 
 
 
  8:30 AM Guided Wave Travel Time Tomography for Bends 
---A. Volker and T. van Zon, TNO, Stieltjesweg 1, P.O box 155, 2600 AD Delft, The Netherlands 
 
  8:50 AM High-Resolution Guided Wave Tomography 
 ---P. Huthwaite, P. Cawley, R. Ribichini, and M. J. S. Lowe, Imperial College, Mechanical 
Engineering, London, United Kingdom, F. Simonetti, University of Cincinnati, Aerospace Systems, 
Cincinnati, OH 45221 
 
  9:10 AM Amplitude-Independent Flaw Length Determination Using Differential Eddy Current 
---E. B. Shell, Wyle, Advanced NDI, Dayton, OH 45440-3638 
 
  9:30 AM Damage Detection of Plat Components’ Subsurface Based on Rectangular Transducer 
Arrays 
---X. Li, C. Xu, Z. Liu, S. Zhou, D. Xiao, X. Guo, and L. Wang, Beijing Institute of Technology,Key 
Laboratory of Fundamental Science for Advanced Machining, Beijing, China 
 
  9:50 AM Scattering of Guided Waves from Complex Defects in Plates and Pipes 
---A. Velichko and P. D. Wilcox, University of Bristol, Department of Mechanical Engineering, 
Bristol, United Kingdom 
 
10:10 AM Break 
 
10:30 AM Identification of Micro Cracks in Steel Based on Local Magnetic Field Measurements Using 
GMR Sensors 
---V. Reimund, M. Pelkner, A. Neubauer, and M. Kreutzbruck, Federal Institute of Materials 
Research and Testing, Department 8 Non-Destructive Testing, Berlin, Germany 
 
10:50 AM Design of Advanced Automatic Data Fusion Software for Turbine Blade FPI Analysis 
---J. Zheng and W.-F. Xie, Concordia University, Department of Mechanical & Industrial 
Engineering, Montreal, PQ H3G 1M8, Canada; M. Viens, Dépt. de génie mécanique, L'École  
de technologie supérieure, Montreal, PQ H3C 1K3, Canada; L. Birglen, Department of Mechanical 
Engineering, Polytechnique Montreal, Montreal, PQ H3T 1G4, Canada; I. Mantegh, National 
Research Council, NRC-AMTC, Montreal, PQ H3T 2B2 Canada 
 
11:10 AM Numerical Analysis of Angular Defects in Bent Plates Using Tone Burst Eddy-Current 
Thermography(TBET) 
---M. N. Libin, K. Balasubramaniam, and B. W. Maxfield, Indian Institute of Technology Madras, 
Centre for Nondestructive Evaluation, Department of Mechanical Engineering, Chennai, India;  
C. V. Krishnamurthy, Indian Institute of Technology Madras, Department of Physics, Chennai, India 
 
11:30 AM 3D Image Reconstruction in Ultrasonic Transmission Tomography Using Annular Array 
Transducers 
---L. Yang, C. Xu, H. Yan, X. Guo, and Z. Liu, Beijing Institute of Technology, Key Laboratory of 
Fundamental Science for Advanced Machining, Beijing, China; Z. Liu, North University of China, 
School of Mechanical Engineering and Automation, Taiyuan, Shanxi, China 
 
11:50 AM Ultrasonic Quantitative Imaging with Limited View Arrays 
---P. Huthwaite and M. J. S. Lowe, Imperial College, Mechanical Engineering, London, United 
Kingdom; F. Simonetti, University of Cincinnati, Aerospace Systems, Cincinnati, OH 45221 
 
12:10 PM Lunch 
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8:30 AM 
 
Guided Wave Travel Time Tomography for 
Bends 
---Arno Volker and Tim van Zon, TNO, 
Stieltjesweg 1, P.O box 155, 2600 AD Delft, The 
Netherlands 
 
---Guided wave tomography has been 
developed to map the wall thickness using the 
travel times of guided waves. The method has 
been demonstrated to work well for straight 
pipes. The extension of this method to bends is 
not straightforward because natural focusing 
that occurs due to geometrical path differences. 
This yields a phase jump, which complicates 
travel time picking. Because ray-tracing is no 
longer sufficient to predict the travel times a 
recursive wave field extrapolation has been 
developed. The method uses a short spatial 
convolution operator to propagate a wave field 
through a bend. The method allows calculation 
of the wave field at the detector ring, including 
the phase jump as a consequence of the natural 
focusing. The recursive wave field extrapolation 
is done in the space-frequency domain. 
Therefore dispersion effects can be included 
easily in the forward modeling. Comparison with 
measurements shows the accuracy of the 
method. An improved tomographic inversion 
scheme has been implemented using the 
extrapolation method as forward modeling 
kernel.  The results show that is it possible to 
reconstruct defects independent of their location 
on the bend.  The method is not limited to 90° 
bends but works on any bend angle, including 
straight pipes. 
8:50 AM 
 
High-Resolution Guided Wave Tomography 
---Peter Huthwaite, Peter Cawley, Remo 
Ribichini, and Michael J. S. Lowe, Imperial 
College, Mechanical Engineering, London, 
United Kingdom; Francesco Simonetti, 
University of Cincinnati, Aerospace Systems, 
Cincinnati, OH 45221 
 
---Corrosion presents a significant challenge to 
the petrochemical industry. Guided wave 
tomography methods can quantify the minimum 
remaining wall thickness of plate-like structures 
by passing Lamb waves through a potentially 
damaged region. A reconstruction of wave 
velocity allows thickness to be estimated via the 
known dispersion relationship. Using this 
approach to determine minimum thickness relies 
on having an algorithm which is sufficiently high 
resolution to capture all the features of the 
defect. Ray-based tomography methods have 
been widely used, but suffer from limited 
resolution -- around 100mm for a typical 
configuration. Methods based on the ‘weak 
scattering assumption’ of the Born 
approximation achieve higher resolution but are 
generally unsuitable for the high contrasts of the 
defects of interest. A solution is presented which 
combines the complementary strengths of these 
two algorithms together to allow a high-
resolution reconstruction of thickness for a much 
wider range of contrasts. The effectiveness of 
the method for guided wave tomography is 
demonstrated for a range of numerical models 
and experimental data. The method estimates 
the thickness of defects with up to 50% wall loss 
to within 1mm for a 10mm plate; by contrast 
both bent-ray tomography and diffraction 
tomography underestimate the wall loss by 
around 3mm. 
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9:10 AM 
 
Amplitude-Independent Flaw Length 
Determination Using Differential Eddy 
Current 
---Eric B. Shell, Wyle, Advanced NDI, Dayton, 
OH 45440-3638 
 
---Eddy current (EC) inspection requirements 
have typically been specified as a crack length 
or depth with the assumption that the cracks in 
both the test specimens and inspected 
component are of a similar fixed aspect ratio.  
However, differential EC response amplitude is 
dependent on the area of the crack face, not the 
length or depth.  Additionally, in-service cracks 
do not always grow in the assumed manner.  It 
would be advantageous to utilize the richness of 
the EC data to more accurately determine the 
full profile of cracks independent of the fixed 
aspect ratio amplitude response curve.  A 
narrow width notch specimen is used to mimic 
cracks of varying aspect ratios in a controllable 
manner.  The specimen has aspect ratios that 
vary from 1:1 to 10:1.  Analysis routines have 
been developed using the shape of the EC 
response signals that can determine the length 
of a surface flaw of common orientations without 
use of the amplitude of the signal or any 
supporting traditional POD basis.  Combined 
with the well behaved relationship between 
signal amplitude and area, the depth of the flaw 
can also be calculated.  The role of flaw 
characterization in relation to Retirement for 
Cause (RFC) will also be discussed. 
9:30 AM 
 
Damage Detection of Plat Components’ 
Subsurface Based on Rectangular 
Transducer Arrays 
---Xipeng Li, Chunguang Xu, Zhao Liu, Shiyuan 
Zhou, Dingguo Xiao, Xianghui Guo, and Lijiu 
Wang, Beijing Institute of Technology,Key 
laboratory of Fundamental Science for 
Advanced Machining,Beijing,Beijing,China 
 
---Detection of micro damages in flat 
components on-site, has a significant sense for 
improving the safety of the equipment.  Based 
on the surface acoustic wave (SAW) technology, 
detection technology of the micro damages in 
flat components’ subsurface has been 
researched.  The theory of the SAW propagation 
laws in flat components has been analyzed.  
Using wavelet analysis technology, inversed 
spectrum technology and linear travel time 
interpolation technology, the micro damages’ 
feature parameters can be extracted out.  
Utilizing the feature parameters got by every 
transducer in a transducer arrays, the micro-
damages’ image can be reconstructed by using 
the algebraic reconstruction technique (ART).  
With the image, the micro-damages’ location, 
outer geometric configuration, and damage level 
can be seen clearly. 
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9:50 AM 
 
Scattering of Guided Waves from Complex 
Defects in Plates and Pipes 
---Alexander Velichko and Paul D. Wilcox, 
University of Bristol, Dept. of Mechanical 
Engineering, Bristol, United Kingdom 
 
---Guided ultrasonic wave techniques are 
employed worldwide for rapid screening of plate-
like structures and pipelines. The application of 
imaging methods to guided wave data have 
been shown to give an order of magnitude 
improvement in the sensitivity to small defects.  
However, linear imaging algorithms are 
diffraction limited and although they can robustly 
detect sub-wavelength scatterers they cannot 
resolve subwavelength detail. Thus, more 
sophisticated defect characterization and sizing 
technique is required and this is the motivation 
for the current paper.  The scattered wave field 
can be described by a far-field scattering 
coefficient matrix which encodes the information 
about the defect shape. The efficient hybrid 
Finite Element procedure developed earlier by 
the current authors is used for predicting the far-
field scattering matrix of an arbitrary-shaped 
scatterer which is located in an otherwise 
homogeneous isotropic plate or pipe.  The 
method is used to simulate the scattering 
response from various corrosion defects with 
complex realistic depth and surface profiles. The 
data is then analyzed in order to determine the 
main parameters of the scattering matrix which 
are sensitive to the defect geometrical 
parameters (lateral size, depth, etc). The results 
of analysis are presented and its implications to 
practical remote defect characterization are 
discussed. 
10:30 AM 
 
Identification of Micro Cracks in Steel Based 
on Local Magnetic Field Measurements 
Using GMR Sensors 
---Verena Reimund, Matthias Pelkner, Andreas 
Neubauer, and Marc Kreutzbruck, Federal 
Institute of Materials Research and Testing, 
Department 8 Non-Destructive Testing, Berlin, 
Germany 
 
---Giant magneto resistive (GMR) sensors allow 
the measurement of the magnetic stray-field of 
micro cracks in a locally magnetized 
ferromagnetic material.  A defect shall be 
identified in terms of its geometry, in particular 
its depth, by means of multi-parameter 
optimization routines.  Finite element simulations 
were used as model for generating knowledge 
about the materials internal magnetic state.  In 
order to obtain informative magnetic field 
measurements, a high precision was required 
with respect to the field exciting electromagnet 
including an adapted GMR sensor and its 
mutual positioning.  Both, the finite element 
simulations as well as the experimental 
realization for the generation of the local 
magnetic field are challenging.  The 
measurements imply uncertainties of varying 
importance and range which may strongly 
influence the identification results.  Thus, it was 
convenient to expand the identification 
procedure by involving the roughly estimated 
sensor positions during scanning the object's 
surface.  We will show that the overall 
measurement system is well adjusted to identify 
micro cracks.  A validation of the identification 
algorithm was performed for different test 
objects hosting several reference micro cracks 
within a depth between approximately 10 and 53 
micrometers. 
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10:50 AM 
 
Design of Advanced Automatic Data Fusion 
Software for Turbine Blade FPI Analysis 
---Jiannan Zheng and Wen-Fang Xie, Dept. of 
Mechanical & Industrial Eng., Concordia 
University, Montreal, PQ H3G 1M8, Canada; 
Martin Viens, Dépt. de génie mécanique, L'École 
de technologie supérieure, Montreal, PQ H3C 
1K3, Canada; Lionel Birglen, Dept. of 
Mechanical Eng., Polytechnique Montreal, 
Montreal, PQ H3T 1G4, Canada; Iraj Mantegh, 
National Research Council, NRC-AMTC, 
Montreal, PQ H3T 2B2 Canada 
 
---Aircraft engine turbine blade is the most 
susceptible part to discontinuities as it works in 
the extremely high pressure and temperature.  
Its reliability is crucial to the aircraft safety.  In 
aerospace industry, preventive measures – NDT 
method is applied to detect turbine blade 
discontinuities in an early stage. Among various 
types of NDT method, Fluorescent Penetrant 
Inspection (FPI) is comparably cheap and 
efficient thus suitable for detecting turbine blade 
surface discontinuities.  Although automatic FPI 
processing system is in operation to a certain 
extent, the final inspection and evaluation of the 
FPI results are carried out by human inspectors 
mostly.  Thus, advanced automatic data fusion 
software is needed to ease the human 
inspectors’ workload and to provide the 
inspection results precisely and efficiently.  In 
this paper, we have developed such software 
which contains image processing, feature 
extraction, pattern recognition and a human 
machine interface to present the results visually.  
The software can automatically detect, measure 
and classify discontinuities from turbine blade 
FPI images.  According to the ASTM 
International standard for liquid penetrant 
inspection, the software can classify turbine 
blade FPI indications into 2 types and 4 classes.  
The final results have been compared with 
human inspectors’ provided by the industry 
partners.   
11:10 AM 
 
Numerical Analysis of Angular Defects in 
Bent Plates Using Tone Burst Eddy-Current 
Thermography (TBET) 
---M. N. Libin, Krishnan Balasubramaniam, and 
B. W. Maxfield, Indian Institute of Technology 
Madras, Centre for Nondestructive Evaluation, 
Department of Mechanical Engineering, 
Chennai, India; C. V. Krishnamurthy, Indian 
Institute of Technology Madras, Department of 
Physics, Chennai, India 
 
---TBET is a new hybrid, non-contacting, NDT 
method which employs a combination of Pulsed 
Eddy current Thermography(PEC) and 
Thermographic Non-Destructive 
Evaluation(TNDE).  For understanding angular 
cracks, fundamental knowledge about the 
induced current density distribution in the 
component under test is required.  Further, this 
information enables us to find the amount of 
heat produced at those locations and how it 
diffuses to the surface.  This paper describes 
simulation work done for cracks set at an angle 
in flat and bent aluminum plates.  The 
investigation is implemented by simulating 
transient thermal distribution for 2D angular 
cracks via COMSOL multi-physics with the 
AC/DC module and heat transfer.  At crack 
edges, induced current is seen concentrated 
indicating a localized high heating in those areas 
relative to other regions.  For the largest crack 
angles, the induced current is most concentrated 
near the surface; thus the heating is largest in 
this area.  A numerical study was carried out by 
varying parameters like crack angle and crack 
length and thermal distributions were compared 
for different plate bent angles(1800, 1200, 900, 
600).  The TBET method appears well suited for 
the detection of this type of service-induced 
damage which is usually caused by either rolling 
contact fatigue or stress corrosion. 
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11:30 AM 
 
3D Image Reconstruction in Ultrasonic 
Transmission Tomography Using Annular 
Array Transducers 
---Liu Yang, Chunguang Xu, Hongjuan Yan, 
Xianghui Guo, and Zhongzhu Liu, Beijing 
Institute of Technology, Key Laboratory of 
Fundamental Science for Advanced Machining, 
Beijing, China; Zhongzhu Liu, North University of 
China, School of Mechanical Engineering and 
Automation, Taiyuan, Shanxi, China 
 
---This paper proposes a 3D image 
reconstruction method from 2D ultrasonic 
images.  Instead of Fourier slice theorem 
originated from X-ray CT reconstruction, Fourier 
diffraction projection theorem is employed to this 
reconstruction method since the lengths of 
acoustic waves transmitted through the 
substances could no longer be considered as 
infinitesimal.  A relevant experiment is 
conducted to observe the 3D distribution of 
particles in the fluid.  Ultrasonic transducers that 
are ring arranged in the experiment are served 
as both transmitters and receivers in order to 
acquire all the data of the particles from every 
aspects (360 degree) in the imaginary plane of 
the ultrasonic beams.  The computerized 
simulations by means of the finite-element 
method are then made comparison to the 
experimental results of the proposed method.  
Further perspective of this method applied to the 
industrial and biomedical field are suggested in 
the conclusions. 
11:50 AM 
 
Ultrasonic Quantitative Imaging with Limited 
View Arrays 
---Peter Huthwaite and Michael J. S. Lowe, 
Imperial College, Mechanical Engineering, 
London, United Kingdom; Francesco Simonetti, 
University of Cincinnati, Aerospace Systems, 
Cincinnati, OH 
 
---Early stage damage is often linked to subtle 
changes in material properties. Detecting these 
changes can therefore provide a valuable early 
insight into the residual life of a component. We 
consider reconstructing the material properties 
(specifically sound speed which is related to the 
elastic modulus) using data obtained from a 
linear ultrasonic array placed on the surface of 
the component. A significant challenge of this 
problem is that, whereas the cracks or voids 
commonly of interest in NDT will reflect waves 
directly back to the array, the subtle material 
variations considered here are generally of such 
low contrast that these reflected components are 
undetectable. Instead we consider the 
components transmitted through the object and 
reflected back to the array via a backwall, 
parallel to the array. Despite utilising this data, 
we still obtain significantly less information than 
is available from a full view array surrounding 
the object; this missing information introdu  ces 
artefacts into the reconstruction. To solve this, 
we introduce VISCIT, the virtual image space 
component iterative technique, which allows a 
priori knowledge of the problem to be 
incorporated into the solution, minimising the 
effects of the missing data. We also implement a 
novel thresholding approach which is 
demonstrated to dramatically improve 
reconstructions from both complex numerical 
models and experimental data. 
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SESSION 9 
EDDY CURRENT PROBES AND APPLICATIONS 
J. Bowler, Iowa State University, Chairperson 
Grand Mesa Ballroom C 
 
  8:30 AM Developments of Flexible Array Eddy Current Probes for Complex Geometries and 
Inspection of Magnetic Parts Using Magnetic Sensors  
---B. Marchand, J.-M. Decitre, N. Sergeeva-Chollet, and O. Casula, CEA, LIST, 91191  
Gif-sur-Yvette Cedex, France 
 
  8:50 AM Rotating Field Probe with Bobbin Pickup Coil for Steam Generator Tubes Inspection 
---J. Xin, N. Lei, L. Udpa, and S. S. Udpa, Michigan State University, Department of Electrical and 
Computer Engineering, East Lansing, MI 48824 
 
  9:10 AM Development of Multi-Excitation Eddy Current Probes for Deep Defect Detection 
---H. Endo, A. Nishimizu, and M. Tooma, Hitachi Research Laboratory, Hitachi Ltd., Hitachi, Ibraki, 
Japan 
 
  9:30 AM Study on Characteristics of EC Ring Probe Designed Based on RFEC Principle 
---C. Sun, Y. Sun, W. Wan, and H. Zhu, Innovative Materials Testing Technologies, Inc., 
Broomfield, CO 80021 
 
  9:50 AM A Study on Optimization of Remote Field Eddy Current Testing Probes for Inspection of 
Unpiggable Gas Pipelines 
---S.-J. Han, H.-J. Kim, S.-J. Song, J.-H. Park and D.-K. Kim, Sungkyunkwan University, 
Mechanical Engineering, Suwon, Gyeonggi-do, Korea; H.-R. Yoo, S.-H. Cho, D.-K. Kim and  
Y.-W. Rho, Korea Gas Corporation, R&D Division, Incheon, Korea 
 
10:10 AM Break 
 
10:30 AM Modeling and Simulation of Crack Detection for Underwater Structures Using an ACFM 
Method 
---W. Li, G. Chen, X. Yin, C. Zhang, and T. Liu, Centre for Offshore Engineering and Safety 
Technology, China University of Petroleum, Qingdao, Shandong, People’s Republic of China, 
266580 
 
10:50 AM Numerical Modeling of Alternating Current Field Measurement for Offshore Structures 
---W. Zheng, Drilling Research Institute of CNPC, KEMBL Petroleum Technology CO., LTD.,  
36 Deshengmenwai Street, Xicheng, Beijing, 100120, China (PRC) 
 
11:10 AM Using Simulation Tools for Performance Demonstrations of Eddy Current NDE Applications: 
Steps on the Case of Wears on Steam Generator Tubes 
---L. Maurice, EDF - Division Ingénierie Nucléaire (DIN), Centre Expertise et Inspection dans les 
Domaines de la Réalisation et de l'Exploitation (CEIDRE), Saint Denis, France; V. Costan, E. 
Guilliot, and P. Thomas, EDF - R&D Technologies et Modélisation des Infrastructures du Système 
Electrique, Clamart, France 
 
11:30 AM Eddy Current Mapping Inside a Plane Conductor with Flaws 
---A. L. Ribeiro, H. G. Ramos, D. J. Pasadas, and T. J. Rocha, Instituto de Telecomunicações, 
Instituto Superior Técnico, U.T.L., Lisbon, Portugal  
 
11:50 AM Investigation of Acoustic Fields Generated by Eddy Currents Using an Atomic Force 
Microscope 
---V. Nalladega1, S. Sathish1, and M. P. Blodgett, Metals, Ceramics, and NDE Division, Air Force 
Research Laboratory, Wright Patterson Air Force Base, Dayton, OH; 1Structural Integrity Division, 
University of Dayton Research Institute, Dayton OH 45469 
 
12:10 PM Lunch 
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8:30 AM 
 
Developments of Flexible Array Eddy Current 
Probes for Complex Geometries and 
Inspection of Magnetic Parts Using Magnetic 
Sensors  
---Benoit Marchand, Jean-Marc Decitre, Natalia 
Sergeeva-Chollet, and Olivier Casula, CEA, 
LIST, 91191 Gif-sur-Yvette CEDEX, France 
 
---Eddy Current Technique (ECT) is a powerful 
method of inspection of metal parts.  Recent 
array probes have demonstrated a fast and 
efficient control of large surfaces that makes this 
technique a good trade-off between ease of use, 
detection skill and cost.  Nonetheless, when size 
of flaws decreases or inspection areas become 
hardly accessible, traditional winding coil probes 
turn out to be useless.  Based on the use of new 
CIVA simulation tools, we have designed and 
optimized advanced EC probes, based on 
micro-coil arrays or magnetic sensors.  These 
developments led to innovative flexible EC 
probes respectively composed with 64 and 96 
elements.  The flexible sensitive area is 
mounted on a versatile head whose shape fits 
the geometry to be inspected.  Embedded 
electronics increase Signal to Noise Ratio as 
demonstrated by several experimental results.  
Second developments concern the use of 
magnetic sensors in ECT.  These large 
bandwidth sensors reveal a good sensitivity at 
low frequency, useful for the detection of buried 
defects.  Furthermore, a specific control loop 
has been developed to monitor its polarization.  
Thus, the inspection of magnetic parts is no 
more an issue even if residual magnetic field 
appears.  Experimental testing on stainless steel 
cylinder and ferromagnetic plate are shown. 
8:50 AM 
 
Rotating Field Probe with Bobbin Pickup Coil 
for Steam Generator Tubes Inspection 
---Junjun Xin, Naiguang Lei, Lalita Udpa, and 
Satish S. Udpa, Department of Electrical and 
Computer Engineering, Michigan State 
University, East Lansing, MI 48824 
 
---In order to evaluate integrity of steam 
generator tubes in nuclear power plant, eddy 
current probes are used widely for detecting and 
characterizing flaws in the tube wall.  A novel 
rotating field probe with bobbin coil pickup is 
proposed for this purpose.  The probe generates 
a rotating magnetic field by using three balanced 
identical rectangular windings inside the tube 
which eliminates the need for mechanical 
rotating.  A bobbin coil located at the center is 
used to pick up response signals due to defects.  
Although the bobbin probe measurement 
contains information of the integrated effect of 
flux in the tube wall, the phase of induced 
voltage relative to that of the excitation field can 
be used to determine the angular location of 
volumetric flaws in the tube wall. Thus the 
bobbin probe signal can be rendered sensitive to 
defects of all orientations, including axial and 
circumferential notches.  The properties of the 
probe are investigated by three dimensional 
finite element modeling, and validated with 
experiment results. A parametric study of the 
probe design is also conducted using the 
simulation model. 
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9:10 AM 
 
Development of Multi-Excitation Eddy 
Current Probes for Deep Defect Detection 
---Hisashi Endo, Akira Nishimizu, and Masahiro 
Tooma, Hitachi Research Laboratory, Hitachi 
Ltd., Hitachi, Ibraki, Japan 
 
---A novel arrayed-coil technique in eddy current 
testing (ECT) has been proposed for deep 
defect detection. Simultaneous excitation of 
several transmitter coils makes it possible to 
improve eddy current intensity in the deep layer 
of the target metals. Instead of the conventional 
approaches, i.e., using a very low frequency 
and/or a high intensity of the exciting current to 
drive the single transmitter coil, magnetic fields 
generated by each of the transmitters are 
superposed to design the eddy current 
distribution.  In this paper, we considered the 
probes with circularly arranged transmitter 
arrays. The superposed magnetic field due to 
the arrayed probes intensifies eddy currents 
around the center of the coil circle. Numerical 
analysis by finite elements was used to design 
the coil arrangement and exciting current 
conditions, and the balanced polyphase 
magnetic fields yield rotating eddy currents 
which improved field penetration for the target 
metals. Since the probes measure the balance 
of the magnetic field intensity with a receiver coil 
placed at their center, then the defect detection 
can be performed with high sensitivity. To verify 
our probes, we experimentally studied 
detectability of reverse side defects. We 
developed the probe with 5 transmitter coils 
arranged at equal angles on a circle and applied 
it to measurements for an aluminum plate 
specimen. We succeeded in detecting slit 
defects within a depth that was twice the skin 
depth and obtained a signal-to-noise ratio over 
10 decibels in this study. 
9:30 AM 
 
Study on Characteristics of EC Ring Probe 
Designed Based on RFEC Principle 
---Changhong Sun, Yushi Sun, Weiqiang Wan, 
and Haiou Zhu, Innovative Materials Testing 
Technologies, Inc., Broomfield, CO 80021 
 
---EC ring probes have shown advantages in 
inspection speed and simplicity in operation for 
fastener hole crack detection.  Recently, RFEC 
principle has been introduced in ring probe 
design. A new model of ring probe, GRFEC ring 
probe has been created.  The new GRFEC ring 
probe not only shares the same advantages, 
high inspection speed and simplicity in 
operation, with the conventional EC ring probe, 
but also shows outstanding features related to 
application of the RFEC principle.  These 
include:  Deep penetration capability. Examples 
are: Detecting with high S/N ratio a 
0.040”/1.0mm deep corrosion through a 
0.67”/17.0mm thick, multiple-layer aluminum 
structure; Detecting a 2nd layer 0.200”/5.0mm 
long EDM notch in a flush-head and raised-head 
steel fastener hole through a 0.50”/12.7mm thick 
1st aluminum layer.  High sensitivity capability: 
Examples are:  Detecting with high S/N ratio the 
2nd layer EDM notches made in Boeing 
Standard NDT-1078 with both anodized and 
alodined rivets without need for dual frequency 
instrumentation; Detecting with high S/N ratio 
2nd layer EDM notched made in an 
80mil/2.0mm + 40mil/1.0mm thick aluminum 
structure without rivets.  The structure is used to 
simulate the case of extremely conductive rivet.  
A large number of test results will be shown in 
the presentation and paper. 
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9:50 AM 
 
A Study on Optimization of Remote Field 
Eddy Current Testing Probes for Inspection 
of Unpiggable Gas Pipelines 
---Seong-Jin Han, Hak-Joon Kim, Sung-Jin 
Song, Jae-Ha Park and Dae-Kwang Kim, 
Sungkyunkwan University, Mechanical 
Engineering, Suwon, Gyeonggi-do, Korea; Hui-
Ryong Yoo, Sung-Ho Cho, Dong-Kyu Kim and 
Yong-Woo Rho, Korea Gas Corporation, R&D 
Division, Incheon, Korea 
 
---Intelligent PIG systems with magnetic flux 
leakage (MFL) or electromagnetic acoustic 
(EMA) are used for inspection of large diameter 
gas pipelines.  But, for small diameter of gas 
pipelines which is unpiggable gas pipeline, self-
powered robot system with nondestructive 
module is applied. Currently, among the various 
NDE methods, MFL and remote field eddy 
current testing (RFECT) methods are one of 
candidates for inspection methods for 
unpiggable gas pipelines.  Especially, RFECT 
could be strong candidate because RFECT 
method uses low frequency AC and through wall 
transmission to inspection both ferromagnetic 
and non-ferromagnetic conducting tubular from 
the inside without strong tractive force not like 
MFL method.  Thus, in this study, determination 
of optimal design parameters of RFECT probe 
such as number of turns, diameter of coils, 
driving frequency, distance between exciter and 
receiver coils and etc., using FEM simulations is 
performed.  And, based on the determined 
design parameters, RFECT probes will be 
fabricated.  Also, performance of the RFECT 
probes are verified by inspection of gas 
pipelines specimens with various defects. So, in 
this presentation, process for determination of 
design parameters of RFECT probes and 
performance of the designed probes will be 
discussed. 
10:30 AM 
 
Modeling and Simulation of Crack Detection 
for Underwater Structures Using an ACFM 
Method 
---Wei Li, Guoming Chen, Xiaokang Yin, 
Chuanrong Zhang,and Tao Liu, Centre for 
Offshore Engineering and Safety Technology, 
China University of Petroleum, Qingdao, 
Shandong, People’s Republic of China, 266580 
 
---This article studies the application of 
alternating current field measurement (ACFM) to 
defect detection for underwater structures.  
Numerical model of the ACFM system is built for 
structure surface cracks detection in seawater 
environment.  Finite element simulation is 
performed to investigate rules and 
characteristics of the electromagnetic signal 
distributions in regions with defect.  For the 
simulation results, difference in the 
characteristics between in seawater 
environment and in air environment is analyzed 
with the same lift-off distance, which is also 
verified by underwater artificial crack detection 
experiments.  The influences of different sea 
water environment parameters and lift-off 
variations are analyzed based on the finite 
element model.  The results in this article can be 
applied to establish the technical foundation for 
the optimization and development of ACFM 
based underwater structure defect detection 
system. 
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10:50 AM 
 
Numerical Modeling of Alternating Current 
Field Measurement for Offshore Structures 
---Wenpei Zheng, Drilling Research Institute of 
CNPC, KEMBL Petroleum Technology CO., 
LTD., 36 Deshengmenwai Street, Xicheng, 
Beijing/100120, China (PRC) 
 
---The Alternating current field measurement 
(ACFM) technique is an electromagnetic NDT 
technique used to inspect and size surface 
breaking cracks in metals.  The principle of the 
technique is that an alternating, locally uniform 
current is induced to flow in the component 
under test.  The current flows in a thin skin close 
to the surface.  When there are no defects 
present the electrical current will be undisturbed, 
but if a surface breaking crack is present, the 
uniform current is disturbed and flows around 
the ends and down the faces of the crack.  
Associated with the current flowing in the 
surface is a magnetic field above the surface 
that will also be disturbed in the presence of a 
defect.  Due to the principle of ACFM, it can 
inspect defects under nonconductive coatings, 
which is quite applicable to offshore structures 
coated with protective coating or anticorrosion 
compound.  This paper focuses on numerical 
modeling of ACFM for offshore structures with 
different kinds and sizes of defects, which 
guides the design of ACFM probe for inspection 
of offshore structures. 
11:10 AM 
 
Using Simulation Tools for Performance 
Demonstrations of Eddy Current NDE 
Applications: Steps on the Case of Wears on 
Steam Generator Tubes 
---Lea Maurice, EDF - Division Ingénierie 
Nucléaire (DIN) /Centre Expertise et Inspection 
dans les Domaines de la Réalisation et de 
l'Exploitation (CEIDRE), Saint Denis, France; 
Valentin Costan, Eilin Guilliot, Pierre Thomas, 
EDF - R&D Technologies et Modélisation des 
Infrastructures du Système Electrique, Clamart, 
France 
 
---To carry out performance demonstrations of 
its Eddy-Current NDE processes applied on 
French nuclear power plants, EDF studies the 
possibility of using simulation tools as an 
alternative to experimental signals on mock-ups. 
As a first step, a set of thorough validations to 
establish the domain of validity of the tools for 
the concerned applications, and feasibility tests, 
have been intended by EDF over 2011 and 
2012.  This paper deals with wears problems 
which may appear in the U-shape region of 
steam generator tubes, due to rubbing of anti-
vibration bars (AVB’s), detected with an axial 
probe. The considered simulation tools are 
code_Carmel3D, a 3D finite element software 
developed by LAMEL, a common laboratory 
between EDF R&D Division and University of 
Lille, and Civa VIM, a semi-analytic code based 
on a Volume Integral Method, developed by 
CEA-LIST.  First, impedance diagram 
parameters (amplitude, phase) obtained with 
these codes will be compared to experimental 
data on EDM notches, for different sizes and 
shapes of wear in SG tube.  Then, results 
computed with code_Carmel3D will be 
presented, in order to evaluate the influence of 
parameters such as the value of the gap 
between tube and AVB, the AVB material 
(Inconel-600, chrome plated Inconel-600). 
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11:30 AM 
 
Eddy Current Mapping Inside a Plane 
Conductor with Flaws 
---Artur L. Ribeiro, Helena G. Ramos, Dário J. 
Pasadas, and Tiago J. Rocha, Instituto de 
Telecomunicações, Instituto Superior Técnico, 
U.T.L., Lisbon, Portugal  
 
---When a constant field probe with sinusoidal 
excitation is used to detect flaws inside a 
conductor, the lines of current must be uniform 
in a limited area under the influence of the 
constant excitation field.  The existence of flaws 
inside the metallic material force the current to 
deviate from the uniform previous configuration. 
A magnetic field sensor may be used to 
measure one component of the magnetic field 
perturbation due to the eddy current anomalies.  
In this paper a giant magneto-resistor sensor is 
used to measure the magnetic field perturbation. 
The measured field is used to infer about the 
current perturbation, and a final current density 
map is obtained. The inversion algorithms are 
based on a deconvolution process with 
regularization. The kernel is precisely the field of 
a single eddy as detected by the magnetic 
sensor. 
11:50 AM 
 
Investigation of Acoustic Fields Generated 
by Eddy Currents Using an Atomic Force 
Microscope 
---Vijay Nalladega1, Shamachary Sathish1, and 
Mark P. Blodgett, Metals, Ceramics, and NDE 
Division, Air Force Research Laboratory, Wright 
Patterson Air Force Base, Dayton, OH; 
1Structural Integrity Division, University of 
Dayton Research Institute, Dayton OH 45469 
 
---This paper presents theoretical evaluation, 
experimental measurements and acoustic 
images of electromagnetically generated 
acoustic displacements due to eddy current in 
metals. The acoustic displacements in the 
samples are generated without an external 
magnetic field and hence are of twice the 
frequency of the alternating current flowing 
through the eddy current coil.  In a typical metal 
theoretically computed acoustic displacements, 
for low amount of currents flowing through the 
coil, was found to be in the range of few pico-
meters. An atomic force microscope was used to 
detect, measure, and image the acoustic 
displacements.  Results of the measurements of 
acoustic displacements in metallic single 
crystals and a polycrystalline Ti-6Al-4V samples 
are presented for varying currents in the coil. 
These measurements are used to determine the 
relation between the amplitude of the 
displacements and the current in the coil.  Eddy 
current generated acoustic displacements in aTi-
6Al-4V sample measured using AFM are 
displayed as acoustic images.  Details of 
external modifications and optimization of AFM 
to measure and image acoustic displacements 
are presented. The role of electrical and elastic 
properties on the contrast in acoustic images of 
Ti-6Al-4V sample is discussed. 
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SESSION 10 
NDE FOR MATERIALS DEFORMATION AND DEGRADATION 
M. Bode, Sandia National Laboratories, Chairperson 
Grand Mesa Ballroom B 
 
  8:30 AM Searching for Dislocation Concentration Using Nonlinear Ultrasonics 
---A. A. Zinck, Northwestern University, Materials Science and Engineering, Evanston, IL 60208; 
S. Krishnaswamy, Northwestern University, Mechanical Engineering, Evanston, IL 60208 
 
  8:50 AM Detecting Plastic Strain Distribution by a Nonlinear Wave Mixing Method 
---G. Tang and J. Qu*, Northwestern University, Department of Mechanical Engineering, 
*Department of Civil and Environmental Engineering, Evanston, IL 60626; M. Liu, Northwestern 
University, Department of Civil and Environmental Engineering, Evanston, IL 60626; L. J. Jacobs, 
Georgia Institute of Technology, G. W. Woodruff School of Mechanical Engineering, Atlanta,  
GA 30332 
 
  9:10 AM Experimental Evaluation of Uniaxial Compression on Longitudinal, Shear, and Mode-
Converted Ultrasonic Scattering 
---C. M. Kube, P. Hu, and J. A. Turner, University of Nebraska-Lincoln, Department of Mechanical 
and Materials Engineering, Lincoln, NE 68588 
 
  9:30 AM Creep Damage Assessment of Cast IN738LC with Second Harmonic Train 
---T. Kang, T. G. Lee, S.-J. Song, H.-J. Kim, and D. K. Lee, School of Mechanical Engineering, 
Sungkyunkwan University, Suwon, Korea 
 
  9:50 AM Ultrasonic Absorption in Fatigued Materials 
---S. Dugan1 and W. Arnold2, 1Materials Testing Institute University of Stuttgart (MPA), Stuttgart, 
Germany; 2Physikalisches Institut, University of Göttingen, Göttingen, Germany and Department of 
Material Science and Materials Technology, Saarland University, Saarbrücken, Germany 
 
10:10 AM Break 
 
10:30 AM Pre-Crack Fatigue Life Assessment of Relevant Aircraft Materials Using Fractal Analysis of 
Eddy Current Test Data 
---J. Schreiber, U. Cikalova, S. Hillmann, and N. Meyendorf, Fraunhofer Institute for Nondestructive 
Testing, IZFP Dresden Branch, Dresden, Germany; J. Hoffmann, Wyle, Aerospace Group, 
Dayton, OH 45440 
 
10:50 AM Characterization of Lüders Band Deformation in Mild Steel Using Infrared Thermography 
and Digital Image Correlation 
---N. Srinivasan, N. Raghu, and B. Venkatraman, Indira Gandhi Centre for Atomic Research, 
Quality Assurance Division, Kalpakkam, Tamil Nadu, India (will be presented by K. 
Balasubramaniam) 
 
11:10 AM NDE Evaluation of the Intergranular Corrosion Susceptibility of A 2205 Duplex Stainless 
Steel Using Thermoelectric Power and Double Loop Electrochemical Potentiokinetic 
Reactivation Methods 
---N. Ortiz, H. Carreón, and A. Ruiz, Universidad Michoacana, Instituto de Investigaciones 
Metalúrgicas, Morelia, Michoacan, México 
 
11:30 AM Monitoring of High Temperature Material Degradation 
---A. Gajdacsi, A. Jarvis, and F. Cegla, Imperial College, Mechanical Engineering, London, United 
Kingdom 
 
11:50 AM Adjourn Session 
 
12:10 PM Lunch 
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8:30 AM 
 
Searching for Dislocation Concentration 
Using Nonlinear Ultrasonics 
---Aurora A. Zinck, Northwestern University, 
Materials Science and Engineering, Evanston, IL 
60208; Sridhar Krishnaswamy, Northwestern 
University, Mechanical Engineering, Evanston, 
IL 60208 
 
---Nonlinear ultrasonics has been studied for use 
as a nondestructive testing method.  Its 
sensitivity to dislocation accumulation highlights 
the potential for used detecting pre-cracking 
dislocation concentration buildup in metal 
structures.  Ultrasonic nonlinearity is compared 
to destructive testing, hardness, along the length 
of monotonically loaded and fatigue loaded 
specimens in order to examine the behavior or 
ultrasonic nonlinearity to areas of high 
dislocation concentrations.  For specimens 
under monotonic loading, after monotonic 
loading, and after fatigue loading the acoustic 
nonlinearity is shown to be sensitive to high 
concentrations of dislocations.  The response to 
dislocation concentrations contrasted with the 
non-monotonic nature of acoustic nonlinearity 
demonstrates that it has strong potential for 
predicting cracking loadings by detecting 
localized concentrations of dislocations. 
8:50 AM 
 
Detecting Plastic Strain Distribution by a 
Nonlinear Wave Mixing Method 
---Guangxin Tang and Jianmin Qu*, 
Northwestern University, Department of 
Mechanical Engineering, *Department of Civil 
and Environmental Engineering, Evanston, IL 
60626; Minghe Liu, Northwestern University, 
Department of Civil and Environmental 
Engineering, Evanston, IL 60626; Laurence J. 
Jacobs, Georgia Institute of Technology, G. W. 
Woodruff School of Mechanical Engineering, 
Atlanta, GA 30332 
 
---A nonlinear wave mixing method is used to 
measure the plastic strain distribution in 
polycrystalline materials.  A pair of collinear 
longitudinal and shear waves is generated.  
Under the phase matching condition, a resonant 
shear wave with a difference frequency is 
generated and propagates towards the shear 
wave transducer.  The amplitude of this 
resonant shear wave is proportional to the 
acoustic nonlinearity parameter β, which is 
known to be related to plastic deformation.  By 
adjusting the two primary waves so that they mix 
at different locations, a distribution of β is 
evaluated.  This study demonstrates the 
feasibility of detecting plastic strain distribution in 
polycrystalline materials by the nonlinear wave 
mixing technique. 
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9:10 AM 
 
Experimental Evaluation of Uniaxial 
Compression on Longitudinal, Shear, and 
Mode-Converted Ultrasonic Scattering 
---Christopher M. Kube, Ping Hu, and Joseph 
A. Turner, University of Nebraska-Lincoln, 
Department of Mechanical and Materials 
Engineering, Lincoln, NE 68588 
 
---Recent theoretical developments in ultrasonic 
materials characterization demonstrated the 
influence of applied loads on elastic wave 
scattering in polycrystalline materials. These 
developments were the first to consider second-
order elastic moduli in the scope of ultrasonic 
stress evaluation. Experimental confirmation 
was also recently demonstrated for longitudinal 
wave scattering (L-L) from 1018 steel under 
uniaxial compression. This presentation builds 
on those results while also observing the 
influence on other propagation modes in 
samples of 1018 steel and a rail section under 
uniaxial compression. The propagation modes 
examined include longitudinal (L-L), shear (T-T), 
and mode-converted longitudinal to shear (L-T). 
The influence of the compression loading on the 
scattered ultrasound is examined and compared 
to the theory. Average grain size parameters 
extracted from each of the scattering modes are 
given. Application of these measurements may 
lead to a new method for stress and 
microstructural evaluation in polycrystalline 
materials. [Research supported by the Federal 
Railroad Administration] 
9:30 AM 
 
Creep Damage Assessment of Cast IN738LC 
with Second Harmonic Train 
---To Kang, Tack Gyu Lee, Sung-Jin Song, Hak-
Joon Kim, and Dong Keun Lee, School of 
Mechanical Engineering, Sungkyunkwan 
University, Suwon, Korea 
 
---Creep degradation behavior of the cast 
IN738LC is investigated with nonlinear 
ultrasound in this study.  γ’ coarsening, MC 
carbide degeneration, and formation of M23C6 
networks at grain boundary in Cast IN738LC is 
well understood due to microstructural 
investigation conducted by other researchers.  
Microstructural change of Cast IN738LC during 
creep damage effects to not only ultrasonic 
attenuation and velocity, but also second 
harmonic signal.  So, nonlinear parameter has 
been widely used for the degradation 
assessment value of metals due to their high 
sensitivity for dislocation motion, precipitate, and 
crack.  But, to date, second harmonic train with 
distance is not a matter of concern assessing 
damaged materials. Fundamental signal usually 
decreases with distance due to attenuation, 
second harmonic signal increases at maximum 
distance relating attenuation ln (2α1/α2)/(2α1-
α2), and it would decreases due to attenuation. 
This second harmonic train combined second 
harmonic and attenuation can be used for 
assessing creep damage of Cast IN738LC 
instead of nonlinear parameter.  Greatest 
advantage of second harmonic train 
measurement is effect of second harmonic and 
attenuation measured by a single measurement 
with quartz whereas nonlinear parameter is 
measured by attenuation measurement with 
quartz and nonlinear ultrasonic with LiNbO3.  In 
this presentation, we will suggest that second 
harmonic train can be used as a potential 
method for evaluating the creep damage of Cast 
IN738LC.---This work was supported by the 
R&D program of the Korea Institute of Energy 
Technology Evaluation and Planning (KETEP) 
grant funded by the Korea government Ministry 
of Knowledge Economy (No. 20111020400020). 
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9:50 AM 
 
Ultrasonic Absorption in Fatigued Materials 
---S. Dugan1 and W. Arnold2, 1Materials Testing 
Institute University of Stuttgart (MPA), Stuttgart, 
Germany; 2Physikalisches Institut, University of 
Göttingen, Göttingen, Germany and Department 
of Material Science and Materials Technology, 
Saarland University, Saarbrücken, Germany 
 
---Non-destructive detection of fatigue damage, 
allowing an estimate of the residual lifetime of 
components, could contribute to a safe and 
reliable operation of components and 
installations. Ultrasonic absorption, i.e. the 
internal friction, of a material increases with 
increasing fatigue or creep damage and there 
are many theories trying to explain the physics 
behind this phenomena. Measurement of 
ultrasonic absorption directly on components 
could provide information on the degree of 
damage.  A laser ultrasonic method, using laser-
generated pulses and optical detection, was 
applied to study ultrasonic absorption in fatigue 
specimens of different metals. A characteristic 
behavior of the ultrasonic absorption coefficient 
with increasing levels of fatigue damage was 
found for the titanium alloy Ti-6Al-4V. Another 
aim of this study was to relate the absorption 
mechanisms to the behavior of ultrasonic 
absorption observed in metals with complex 
micro-structure. To achieve this, different 
ultrasonic absorption mechanisms were 
analyzed with respect to experimental data. A 
modified theory of electron absorption is 
proposal, providing a good match for some of 
the observed absorption behavior. The possible 
influence of thermoelastic effects related to the 
size and elasticity of the microstructure is 
discussed.  
10:30 AM 
 
Pre-Crack Fatigue Life Assessment of 
Relevant Aircraft Materials Using Fractal 
Analysis of Eddy Current Test Data 
---Jürgen Schreiber, Ulana Cikalova, Susanne 
Hillmann, and Norbert Meyendorf, Fraunhofer 
Institute for Nondestructive Testing, IZFP 
Dresden Branch, Dresden, Germany; Jochen 
Hoffmann, Wyle, Aerospace Group, Dayton, 
OH 45440 
 
---Successful determination of residual fatigue 
life requires a comprehensive understanding of 
the fatigue related material deformation 
mechanism.  Neither macroscopic continuum 
mechanics nor micromechanic observations 
provide sufficient data to explain subsequent 
deformation structures occurring during the 
fatigue life of a metallic structure. Instead 
mesomechanic deformation on different scaling 
levels can be studied by applying fractal analysis 
of various means of nondestructive inspection 
measurements.  The resulting fractal dimension 
data can be correlated to the actual material 
damage states, providing an estimation of the 
remaining residual fatigue life before 
macroscopic fracture develops.  Recent efforts 
were aimed to apply the fractal concept to 
aerospace relevant materials AA7075-T6 and Ti-
6Al-4V.  Proven and newly developed fractal 
analysis methods were applied to eddy current 
(EC) measurements of fatigued specimens, with 
the potential to transition this approach to an 
aircraft for an in-situ nondestructive inspection.  
The occurrence of mesomechanic deformation 
at the material surface of both AA7075-T6 and 
Ti-6Al-4V specimens could be established via 
topography images using confocal microscopy 
(CM).  Furthermore, a pulsed eddy current 
(PEC) approach was developed, combined with 
a sophisticated new fractal analysis algorithm 
based on short pulse excitation and evaluation 
of EC relaxation behavior.  This paper presents 
concept, experimental realization, fractal 
analysis procedures, and results of this effort. 
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10:50 AM 
 
Characterization of Lüders Band 
Deformation in Mild Steel Using Infrared 
Thermography and Digital Image Correlation 
---N. Srinivasan, N. Raghu, and B. 
Venkatraman, Indira Gandhi Centre for Atomic 
Research, Quality Assurance Division, 
Kalpakkam, Tamil Nadu, India (will be 
presented by K. Balasubramaniam) 
 
---Characterization of localized deformation 
using imaging NDE techniques had been of 
keen interest to various researchers right from 
the beginning of 21st century to till date.  
Amongst heterogeneous deformations, Lüders 
band deformation which affects the surface 
quality of steel products during forming 
operations is of prime importance.  The present 
study explores the potential of techniques like 
thermal imaging and digital image correlation as 
a noninvasive NDE tool to probe the 
temperature and strain field variations 
associated with the Lüders band phenomenon 
during monotonic, uniaxial tensile testing of IS 
2062 E250-B mild steel which finds wide use as 
a structural material in industries.  Existence of 
small, localized plastic deformation during 
elastic loading is successively characterized 
using these techniques.  Also an understanding 
on deformation mechanisms involved during 
nucleation and propagation of Lüders band is 
made based on correlation of temperature and 
strain changes observed with various physical 
models proposed and experimental results on 
Lüders band.  
11:10 AM 
 
NDE Evaluation of the Intergranular 
Corrosion Susceptibility of A 2205 Duplex 
Stainless Steel Using Thermoelectric Power 
And Double Loop Electrochemical 
Potentiokinetic Reactivation Methods 
---Noemi Ortiz, Hector Carreón, and Alberto 
Ruiz, Universidad Michoacana, Instituto de 
Investigaciones Metalúrgicas, Morelia, 
Michoacan, México 
 
---There is a need for a nondestructive 
technique to assess rapidly and with confidence 
the degree of the degree of sensitization (DOS) 
in duplex stainless steel (DSS). In this 
investigation, we present the use of 
thermoelectric power (TEP) measurements as 
nondestructive method for the determination of 
the DOS in 2205 DSS. 2205 DSS samples were 
sensitized at 700°C for different aging times 
ranging from the 10 minutes to 240 hours. The 
DOS of the aged samples was first established 
by performing the DL-EPR test. TEP 
measurements were conducted and the results 
were associated with the results of the DL-EPR 
test. The microstructural transformation 
undergone on the specimens was evaluated by 
scanning electron microscopy (SEM). 
Experimental results indicate that TEP 
coefficient is sensitive to gradual microstructural 
changes produced by thermal aging and can be 
used to monitor IGC sensitization of 2205 duplex 
stainless steel. 
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Monitoring of High Temperature Material 
Degradation 
---Attila Gajdacsi, Andrew Jarvis, and Frederic 
Cegla, Imperial College, Mechanical 
Engineering, London, United Kingdom 
 
---The variability of conventional sensors used 
for ultrasonic inspections can be greatly reduced 
by permanently installing them, therefore 
eliminating the uncertainties caused by 
positional offsets and coupling fluids. Much 
smaller changes are measurable using 
permanently installed ultrasonic sensors and so 
the monitoring of the onset of material 
degradation becomes feasible. One of the 
typical degradation mechanisms affecting the 
petrochemical industry is high temperature 
hydrogen attack, which involves hydrogen 
diffusing into the material at high partial 
pressures and forming methane voids by the 
reaction of the carbon in the steel. These 
methane voids cause a small drop in ultrasonic 
velocity which it is hoped can be monitored for 
with an ultrasonic array. In order to assess the 
feasibility of monitoring hydrogen attack a 
scattering model was developed to quantify the 
ultrasonic velocity drop as a function of methane 
void fraction. Following this the accuracy of 
reconstructi ng a non-uniform ultrasonic 
propagation velocity distribution was 
investigated by applying heat to the specimen in 
order to replicate the effects of material 
degradation. A number of proposed 
reconstruction algorithms were compared both 
for simulated and real experimental 
measurements and the results were compared 
with our scattering model.
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• Lamb Wave Near Field Enhancements for Surface Breaking Defects in Plates 
• Nondestructive Evaluation of the Complex Modulus Master Curve of Asphalt Concrete 
Specimens 
• Reliability of Void Detection in Brickwork Masonry Using Radar, Ultrasonic and Complex 
Resistivity Tomography 
• A Rough Deal:  Efficient Simulation of Ultrasound Scattering in 3D 
• Development of Ballpoint-Pen-Type Young-Modulus Probe for Calibration-Free Measurement 
• Higher Harmonic Generation of Guided Waves in Plate:  Power Flux Density and Synchronism 
Co-Analysis for Mode Selection 
• Study of Phase Transition in SrTiO3 Using Ultrasonic Attenuation at Sub-Terahertz Region 
• Air-Coupled Detection of the S1-ZGV Lamb Mode in a Concrete Plate Based on Backward Wave 
Propagation 
• Lamb Wave Structural Health Monitoring Using Frequency-Wavenumber Analysis 
• Multi-Level Damage Detection with Nonlinear Ultrasonic Methods 
• Simultaneous Iterative Reconstruction Techniques for Computerized Tomography on GPU 
• Detection of Stress Corrosion Cracking in Low Carbon Steel Using Nonlinear Surface Acoustic 
Waves 
• Evaluation of Near Surface Material Degradation in Concrete Using Nonlinear Rayleigh Surface 
Waves 
• Optical Excitation of Tone-Burst Rayleigh Surface Waves for Second Harmonic Generation 
• GPU Based Numerical Model for Eddy Current NDE 
• Storage Strategies of Eddy Current Fe-Bi Model for GPU Implementation 
• Improved Lamb Wave Mode Decomposition Using Annular Transducers and Quadrature Signals 
• Estimation of Guided Wave Scattering Matrices from Spatially Distributed Transducer Arrays 
• Measurement of Elastic Constants of a Thin Metal Sheet with Guided Waves Based EMAT 
System 
• Analysis for Lamb Wave Scattering Based on BEM Simulation and Reciprocity Theorem 
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UT Guided Waves 
 
Guided Wave Signal Transport in Curved and Tapered Plates 
---R. A. Roberts, Iowa State University, Center for NDE, 1915 Scholl Road, Ames, IA 50011 
 
Thickness Measurements of Metal Sheet Using SH Guided Wave EMATs 
---S. Dixon, P. Petcher, Y. Fan, D. Maisey, and P. Nickolds, University of Warwick, Department of 
Physics, Coventry, United Kingdom 
 
Annular Plate Inspection Using Guided Wave Tomography 
---A. Volker and R. Vos, TNO, Stieltjesweg 1, P.O.Box 155, 2600 AD Delft, The Netherlands 
 
Reflection Coefficients of the T(0,1) Mode Guided Waves at Axisymmetric Defects 
---H. Nishino and H. Saito, The University of Tokushima, Institute of Technology and Science, 
Tokushima City, Tokushima Prefecture, Japan 
 
Impact Damage Detection in Composite Sandwich Structures Using Lamb Waves and 
LASER Vibrometry 
---B. Lamboul, B. Passilly, J.-M. Roche, and D. Osmont, ONERA, the French Aerospace 
Laboratory, Châtillon 92, France 
 
Probes and Sensors 
 
Thermo-Mechanical Reliability Evaluation for Microelectronic Packaging Using C-Mode 
Scanning Acoustic Microscopy 
---X. Guo, C. Xu, L. Yang, Z. Liu, X. Zhao, H. Wang, and K. Peng, Beijing Institute of Technology, 
Key Laboratory of Fundamental Science for Advanced Machining, Beijing, China; Z. Liu, North 
University of China, School of Mechanical Engineering and Automation, Taiyuan, China 
 
Observation of Subsurface Structures in Thin Film System with Ultrasonic Atomic Force 
Microscopy 
---F. I. K. Park, D.-R. Kwak, and T. S. Park, Seoul National University of Science and Technology, 
Department of Mechanical Engineering, Seoul, S. Korea; C. Miyasaka, Penn State University,  
310 EES BL, University Park, PA 16802 
 
The Device for Research of Monomolecular Films Using by Microscopy at Brewster Angle 
and Surface-Plasmon Resonance 
---S. I. Valyansky, E. K. Naimi, and A. V. Turutin, National University of Science and Technology 
“MISIS”, Leninskiy prosp.4, 119049 Moscow, Russia 
 
Compact CW-Sub THz Imaging System for Non-Destructive Testing 
---D.-C. Seo, Y.-M. Seung, S. H. Cho, and B. Y. Ahn, Korea Research Institute of Standards and 
Science, Center for Safety Measurements, Daejeon, Republic of Korea 
 
Development of a Magnetic Sensor for Internal Defect Detection in Cold-Rolled Steel Sheets 
---J. S. Lee and S.-W. Choi, System Engineering Research Group, POSCO, Pohang, Korea;  
S. Choi and G. Kim, Process Engineering Research Group, POSCO, Pohang, Korea 
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Vector Magnetic Field Camera for Permanent Magnets Inspection 
---T. Chady, West Pomeranian University of Technology, Department of Electrical and Computer 
Engineering, Szczecin, Poland; T. Todaka and M. Enokizono, Oita University, Faculty of 
Engineering, Oita, Japan 
 
Design and Characterization of Planar Capacitive Imaging Probe Based on the Measurement 
Sensitivity Distribution 
---X. Yin, G. Chen, and W. Li, China University of Petroleum, Centre for Offshore Engineering and 
Safety Technology, Qingdao, Shandong, People’s Republic of China, 266580; D. A. Hutchins, 
University of Warwick, School of Engineering, Coventry CV4 7AL, United Kingdom 
 
Non-Destructive Evaluation of Composite Materials Using a Capacitive Imaging Technique 
---X. Yin, G. Chen, and W. Li, China University of Petroleum, Centre for Offshore Engineering and 
Safety Technology, Qingdao, Shandong, People’s Republic of China, 266580; D. A. Hutchins, 
University of Warwick, School of Engineering, Coventry CV4 7AL, United Kingdom 
 
3:10 PM  Break 
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Lamb Wave Near Field Enhancements for 
Surface Breaking Defects in Plates 
 
---Enhancement of the frequency content of 
multimodal Lamb waves incident on surface 
breaking defects in aluminum plates has been 
studied in different thickness plates with laser 
micro-machined defects of varying depth.  The 
degree of enhancement was studied as a 
function of defect depth using a scanning laser 
source and scanning laser detection; the latter 
passing over the defect, allowing the changes in 
ultrasonic propagation to be studied.  At each 
point a Time Frequency Representation (TFR) 
was produced and used to identify the modes 
present.  The frequency intensity of a region of 
the TFR was tracked along the scan and an 
increase in the frequency intensity was observed 
near the defect.  This enhancement was 
explained by a superposition of the incident 
wave mode with those reflected and mode 
converted from the defect.  The fraction of the 
incident wave energy present in the mode 
converted and reflected waves was obtained 
from the transmission and reflection coefficients 
of the possible interactions with the defect.  A 
ratio of the summation of the out-of-plane 
surface displacements arising from all the wave 
modes present at the enhancement point to that 
for just the incident wave mode gave a good 
agreement with the enhancement factors 
observed experimentally. 
Nondestructive Evaluation of the Complex 
Modulus Master Curve of Asphalt Concrete 
Specimens 
 
---The dynamic Young’s modulus of asphalt 
concrete is directly related to pavement quality 
and is used in thickness design of pavements.  
A master curve characterizes the complex 
modulus over a range of frequencies and 
temperatures.  Traditional methods to determine 
master curves are expensive and not completely 
nondestructive.  A master curve determined 
nondestructively in a laboratory can be used for 
both nondestructive quality controls of 
pavements and for developing new recipes.  
This study applies seismic testing to an asphalt 
concrete specimen by using an instrumented 
hammer as impact source and an accelerometer 
to measure the response.  An application of 
resonant acoustic spectroscopy (RAS) as well 
as optimization of frequency response functions 
(FRFs) is used to estimate the complex moduli 
at different temperatures and frequencies.  
Through RAS a complex modulus can be 
determined for each resonant frequency while 
the use of FRFs enables the estimation of the 
complex moduli over a wide range of 
frequencies.  The application of RAS is here 
based on the Rayleigh-Ritz approximation and 
the optimization of FRFs is based on the finite 
element method.  The results show that the use 
of FRFs can provide a good approximation of 
the complex modulus master curve of an asphalt 
concrete specimen.  
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Reliability of Void Detection in Brickwork 
Masonry Using Radar, Ultrasonic and 
Complex Resistivity Tomography 
 
---The influence of moisture on the reliability of 
detection of larger voids in brick masonry was 
investigated using three non-destructive 
techniques: radar, ultrasonic and complex 
resistivity (CR).  To obtain a spatial 
reconstruction of the internal structure, 
tomographic measurements were performed 
over a specific cross section containing a larger 
void at a known position.  The travel times of 
electromagnetic and acoustic waves as well as 
complex resistivity were measured respectively 
to determine the moisture influence on wave 
velocity and the complex resistivity magnitude of 
bricks.  According to velocity images, moisture 
remarkably increases the dielectric constant of 
the masonry while having little effect on the 
elastic properties.  In addition, the ultrasonic 
data were found to be more scattered and 
sensitive to moisture than radar data.  We 
propose a numerical estimator to quantitatively 
determine the void detection efficiency from the 
obtained images while subjecting masonry to 
various moisture levels.  It has been proven that 
radar is by far the most reliable technique for 
void detection in dry masonry.  Nonetheless, a 
tremendous increase in efficiency value in wet 
versus dry masonry proved that CR is a 
powerful method in detecting larger air voids 
even at relatively low humidity levels. 
A Rough Deal: Efficient Simulation of 
Ultrasound Scattering in 3D 
 
---Simulating scalar wave interactions with a 
rough surface is a complex problem.  Current 
models either rely heavily on approximations 
limiting their applications or suffer from high 
computational loads.  A semi-analytical model is 
presented which can simulate scattering of 
scalar waves in three dimensions while 
accounting for the effects of shadowing and 
multiple scattering at the surface.  The 
mathematical framework is based on the 
Distributed Point Source Method (DPSM) which 
is shown to improve upon the accuracy of the 
Kirchoff approximation and the speed of the 
Finite Element Method (FEM).  Comparison of 
2D and 3D results from Gaussian distributed 
rough surfaces indicates that spatial averaging 
causes scattered energy content within a 
reflected pulse to decrease.  A potential method 
of correcting results from 2D simulations to more 
closely approximate 3D results in order to take 
advantage of the much lower computational load 
is subsequently presented and limitations are 
discussed. 
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Development of Ballpoint-Pen-Type Young-
Modulus Probe for Calibration-Free 
Measurement 
 
---We have succeeded in developing a point-
contacting Young-modulus tester, which 
absolutely yields the local Young modulus at the 
contact region without any calibration within 
10%-error limit.  The probe consists of a 
monocrystal langasite bar and a small piece of 
tungsten-carbide sphere attached on the flat 
edge of the bar.  Contacting the sphere part to 
the specimen and measuring the change in the 
resonance frequency of the langasite oscillator, 
we evaluate the local Young modulus.  Because 
the longitudinal vibration of the langasite 
oscillator is excited and detected by line 
antennas and the oscillator is supported at the 
nodal points, the oscillator acoustically contacts 
only to the specimen, making the sensitive and 
quantitative measurement possible.  The 
langasite probe is located in a cylindrical case, 
like a ballpoint pen, and we can easily measure 
the resonance-frequency change by the contact.  
Owing to the extremely high sphericity, we 
converted the frequency change into the Young 
modulus of the specimen using the contact 
theory presented by Willis. 
Higher Harmonic Generation of Guided 
Waves in Plate: Power Flux Density and 
Synchronism Co-Analysis for Mode 
Selection 
 
---A comprehensive analysis for guided wave 
optimum fundamental excitation that satisfies 
accumulative conditions of second harmonic 
generation in an isotropic homogeneous plate 
has been carried out and then validated by FE 
modeling and experiments for selected cases. 
By the perturbation method, the nonlinear wave 
equation is decomposed into the fundamental 
wave field and the secondary wave field. The 
secondary wave field is solved using a normal 
mode expansion (NME). It has been shown that 
the secondary wave field is generated by the 
power flux from the fundamental wave field in 
terms of nonlinear body force and nonlinear 
surface traction, and internal resonance occurs 
for synchronism points with high power flux 
density. The wave structures of the nonlinear 
surface traction and nonlinear body force have 
been investigated. The simulation results agree 
well with theoretical prediction.  A method for 
optimum fundamental excitation has been 
proposed by the co-analysis of power flux 
density and synchronism condition. The 
synchronism points in higher power flux density 
areas are the optimum fundamental excitations 
that are suitable for nonlinear guided wave NDE. 
FE modeling and experiments of SH mode and 
Lamb mode fundamental excitation have been 
conducted on the excitation points selected by 
the co-analysis. A linear increase of qualitative 
nonlinear parameter over the propagation 
distance has been observed for both Lamb wave 
and SH wave experiments. It is also observed 
that the qualitative nonlinear parameter of S1 
fundamental field is larger than that of SH1 
fundamental field at the same excitation point, 
which can be explained by the higher power flux 
from S1 fundamental wave field to the S2 
secondary wave field. 
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Study of Phase Transition in SrTiO3 Using 
Ultrasonic Attenuation at Sub-Terahertz 
Region 
 
---We measured ultrasonic attenuation in sub-
terahertz region using picosecond ultrasound 
spectroscopy in a temperature range between 
20 and 300 K.  Ultrasonic attenuation is related 
with many important properties in solid-state 
physics such as dislocation mobility, phonon-
energy transformation, thermal conductivity, 
specific heat, and so on.  Scientifically, 
attenuation at higher frequency is more sensitive 
to structural changes, and practically, it is more 
important for designing high-frequency resonator 
devices.  However, attenuation measurement in 
GHz frequencies has not been established.  
Then, we developed optics for picosecond 
ultrasound spectroscopy and measured 
ultrasonic attenuation in SrTiO3 around 0.1 THz.  
Moreover, we derived the relaxation time in the 
sub-terahertz region where traditional 
expression cannot be adapted. SrTiO3 is an 
important material, which exhibits perovskite-
type structure at room temperature and 
tetragonal structure below 100 K.  In this study, 
we monitored the phase transition through 
ultrasonic attenuation and sound velocity 
changes.  Around 100 K (near the transition 
temperature), attenuation significantly increased 
and sound velocity decreased abruptly.  We 
succeeded in the calculations of relaxation time 
in sub-terahertz ultrasound between 300 and 
150 K.  Below150 K, the relaxation time had 
imaginary part, suggesting the omens of phase 
transition would increase attenuation. 
Air-Coupled Detection of the S1-ZGV Lamb 
Mode in a Concrete Plate Based on 
Backward Wave Propagation 
 
---The Impact Echo method is an established 
way of determining the thickness of concrete 
plates. The minimum frequency of the first-order 
symmetrical Lamb mode (S1-ZGV) is usually 
measured using one displacement or 
accelerometer sensor close to a transient 
impact. Experiments with non-contact air-
coupled microphones have shown promising 
results for faster measurements. However, the 
measured amplitude spectrum from a 
microphone signal is sensitive to noise. It can 
therefore be challenging to identify the correct 
frequency peak corresponding to the S1-ZGV 
frequency. In this study multichannel signal 
processing is used to identify the S1-ZGV 
frequency based on backward wave propagation 
instead of the conventional amplitude spectrum 
approach. Close to the S1-ZGV frequency the 
first-order symmetric Lamb mode will stop 
propagating and the energy will stand still 
causing resonance. In a small frequency range 
close to this zero group velocity the phase 
velocity is finite and double valued, meaning that 
waves go both forward and backward at the 
same time. The S1-ZGV mode is therefore 
visible as a negative phase velocity in the 
measured frequency/phase velocity spectrum. 
Results show that multichannel signal 
processing from a microphone array can be an 
efficient alternative to measure the S1-ZGV 
frequency in scanning non-contact Impact Echo 
measurements. 
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Lamb Wave Structural Health Monitoring 
Using Frequency-Wavenumber Analysis 
 
---Lamb wave has shown great potential for 
structural health monitoring (SHM) in plate-like 
structures.  Its attractive features include 
sensitivity to a variety of damage types and the 
capability of traveling relatively long distance.  
However, Lamb wave is dispersive and multi-
modal.  Moreover, the propagating Lamb wave 
may include incident, reflected and converted 
waves.  Lamb wave SHM always requires 
additional data analysis and interpretation 
algorithms to obtain damage related information.  
This paper presents studies on Lamb wave 
propagation using frequency-wavenumber 
analysis.  By using two-dimensional Fourier 
transform (2-D FT), the time-space wavefield 
can be transformed into frequency-wavenumber 
domain, where various wave modes and waves 
propagating in different directions can be clearly 
discerned.  By a frequency-wavenumber filtering 
strategy, desired wave modes or wave 
propagation at certain direction can be extracted 
and further utilized for the purpose of SHM.  The 
frequency-wavenumber analysis and its 
application to Lamb wave SHM are illustrated 
through two experimental investigations.  One is 
Lamb wave propagation in a plate half merged 
in water and the other is Lamb wave mode 
conversion at structural discontinuity.  Lamb 
waves fields are excited by piezoelectric wafer 
sensors and measured by scanning laser 
Doppler vibrometer.  Various wave modes were 
visualized and successfully decomposed. 
Multi-Level Damage Detection with Nonlinear 
Ultrasonic Methods 
 
---The nonlinear ultrasonic method of second 
harmonic generation is used to detect multiple 
levels of damage on a single specimen.  There 
is a breadth of research in the literature that 
measures the second harmonic and the 
resulting nonlinear parameter to monitor 
increasing amounts of uniform damage, but for 
this method to be applicable as an in situ 
technique, it must be able to scan an area of a 
structure with varying amounts of damage over 
a region.  To investigate this, an aluminum alloy 
sample is shot-peened to two intensity levels 
along its length, to produce different sections of 
cold work and residual stress as a function of 
spatial location.  Previous research has shown 
that the residual stress and cold work introduced 
in a material from shot peening causes an 
increase in the nonlinear parameter.  Rayleigh 
waves are generated in the sample and the first 
and second harmonic amplitudes are measured 
at increasing propagation distances that 
encompass an undamaged section an  d two 
sections, each with different levels of shot 
peening.  Results show that the nonlinear 
parameter increases as the Rayleigh wedge 
sensor is scanned over the shot peening 
sections. 
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Simultaneous Iterative Reconstruction 
Techniques for Computerized Tomography 
on GPU 
 
---Simultaneous iterative reconstruction 
techniques (SIRT) are derived from algebraic 
reconstruction methods that are used in x-ray 
computerized tomographic image 
reconstruction. However, these techniques are 
computationally intensive and hence are limited 
in clinical applications.  The implementation of 
SIRT using Compute Unified Device 
Architecture (CUDA) on Graphics Process Unit 
(GPU), can solve this problem and SIRT 
implementations can be accelerated by a factor 
of hundred making it possible to have real-time 
image reconstruction.  This paper investigates 
the class of SIRT algorithms, and presents a 
generalized parallel scheme for implementation 
using CUDA on GPU: the ray based method for 
projection and correction, and pixel based 
method for back-projection.  Experimental 
results of SIRT algorithms running on GPU 
showing improved computational speeds 
compared to CPU will be presented. 
Detection of Stress Corrosion Cracking in 
Low Carbon Steel Using Nonlinear Surface 
Acoustic Waves 
 
---Stress corrosion cracking (SCC) can pose a 
great risk to structures such as nuclear reactor 
tubes and fuel pipelines because of the late 
initiation but fast spreading of cracks.  This 
research attempts to detect and characterize the 
SCC damage using nonlinear Rayleigh surface 
waves, with the expectation of initial increase in 
nonlinearity due to microstructural changes 
followed by a high peak due to the excitation of 
microcracks.  Corrosion damage typical of 
buried pipelines is induced in cold finished low 
carbon steel (C1018) samples.  While the 
samples are exposed to a corrosive environment 
(sodium carbonate-bicarbonate solution), 
different levels of tensile stress ranging from 
yield stress to 10% over yield stress are applied 
over a period of five days.  High amplitude 
Rayleigh waves are generated and 
measurements of the fundamental and second 
harmonic amplitudes are taken at different 
propagation distances before and after damage 
of each sample.  The nonlinearity parameter is 
then calculated from the measured harmonic 
amplitudes.  The results show that the 
nonlinearity parameter increases with the 
applied stress, that is, the level of damage.  
Preliminary microscopy and potential drop 
measurements are performed to relate the 
observed changes in nonlinearity to estimated 
microcrack initiation. 
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Evaluation of Near Surface Material 
Degradation in Concrete Using Nonlinear 
Rayleigh Surface Waves 
 
---Comparative studies of nondestructive 
evaluation methods have shown that nonlinear 
ultrasonic techniques are more sensitive than 
conventional linear methods to changes in 
material microstructure and the associated 
small-scale damage.  Many of the material 
degradation processes such as carbonation in 
concrete, corrosion in metals, etc., begin at the 
surface.  In such cases, ultrasonic Rayleigh 
surface waves are especially appropriate for 
detection and characterization of damage since 
their energy is concentrated in the top layer of 
the test object.  For the civil engineering 
infrastructure, only a limited number of field 
applicable nonlinear ultrasonic techniques have 
been introduced.  In this paper a nonlinear 
ultrasonic measurement technique based on the 
use of Rayleigh waves is developed and used to 
characterize carbonation and alkali-silicate 
reaction in concrete samples.  Wedge 
transducers are used for the generation and 
detection of the fundamental and generated 
second harmonic ultrasonic signal components.  
The measurements are made along the 
propagation distance and the slope of the 
normalized second harmonic amplitudes versus 
the propagation distance is taken as the 
nonlinearity parameter.  Concrete samples with 
different levels of damage are examined, and 
the nonlinear second harmonic is used to 
quantify damage state.   
Optical Excitation of Tone-Burst Rayleigh 
Surface Waves for Second Harmonic 
Generation 
 
---Conventional contact ultrasonic methods 
suffer from large variability, which is known to 
originate from a number of sources such as 
coupling variability, and the surface roughness 
at the transducer/specimen interface.  The 
inherently small higher-harmonic signals can be 
significantly influenced by the changes in 
contact conditions, especially in nonlinear 
ultrasonic measurements. For this reason, the 
noncontact generation and detection techniques 
are very attractive.  This research first focuses 
on the optical generation of tone-burst surface 
acoustic waves in a metallic specimen.  Two 
methods that use laser light as an optical source 
are compared for generating surface acoustics 
waves in the 5 MHz range.  Both the shadow 
mask and diffraction grating are used to convert 
a laser pulse to a tone-burst signal pattern on 
the specimen.  The generated signals are 
detected by a wedge transducer at a fixed 
location and then the harmonic contents in the 
generated signals and the repeatability of the 
method are evaluated.  Finally, both of these 
methods are used to characterize the material 
nonlinearity of fatigue damaged specimens. 
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GPU Based Numerical Model for Eddy 
Current NDE 
 
---Numerical models simulating underlying 
physics of different nondestructive evaluation 
(NDE) methods offer a powerful tool for using 
NDE technologies more effectively.  Such 
simulation models provide valuable insight into 
the physics of field/flaw interaction, help 
visualize field distribution, help optimize probe 
design and probe operations, and help develop 
algorithms for processing the measured signals.  
A major drawback of full three-dimensional 
numerical models is the large computation 
times.  This paper presents a model based on 
finite element-boundary integral analysis, for 
predicting defect signals in Steam Generator 
tube inspections using commercial eddy current 
probes.  The GPU implementation of the model 
using compute unified device architecture 
(CUDA) typically performs two orders of 
magnitude faster than the CPU counterpart.  
Validations of comparing the experimental 
measurements and model predictions for 
different defect geometries will be presented. 
Storage Strategies of Eddy-Current FE-BI 
Model for GPU Implementation 
 
---In the past few years graphical processing 
units (GPUs) have shown tremendous 
improvements in computational throughput over 
standard CPU architecture. However, this 
comes at the cost of restructuring the algorithms 
to meet the strengths and drawbacks of this 
GPU architecture.  A major drawback is the 
state of limited memory, and hence storage of 
FE stiffness matrices on the GPU is important. 
In contrast to storage on CPU the GPU storage 
format has significant influence on the overall 
performance.  This paper presents investigation 
of storage strategies in the implementation of a 
two-dimensional finite element-boundary integral 
(FE-BI) model for Eddy current NDE 
applications, on GPU architecture. Specifically, 
the high dimensional matrices are manipulated 
by examining the matrix structure and optimally 
splitting into structurally independent component 
matrices for efficient storage and retrieval of 
each component. Results obtained using the 
proposed approach will be compared to those of 
conventional CPU implementation for validating 
the method. 
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Improved Lamb Wave Mode Decomposition 
Using Annular Transducers and Quadrature 
Signals 
 
---Many nondestructive evaluation techniques 
employ surface-mounted piezoelectric 
transducers to produce Lamb waves to 
interrogate structures.  However, the multimodal 
nature of the Lamb waves can make it difficult to 
obtain meaningful information from signal 
processing strategies that assume a single 
mode is present.  This problem is typically 
addressed by a combination of narrowband 
excitations and careful transducer selection, 
which can result in acceptable mode purity at 
specific frequencies.  Here an improved Lamb 
wave mode decomposition technique for annular 
transducer signals is described that is based 
upon a prior method developed by Yeum et al. 
[Wave Motion 48 (2011) 358-370].  The 
proposed technique performs the mode 
separation via least-squares optimization on 
time windowed direct arrivals from different 
transmitter-receiver element combinations. This 
method is advantageous for two reasons: (1) 
chirp excitations are utilized, allowing the mode 
decomposition to be performed at multiple 
frequencies using a single set of signals, and (2) 
quadrature signals are included, which improves 
phase matching and thus results in improved 
mode purity.  Results are presented that 
compare performance of the proposed method 
to other mode decomposition implementations 
as applied to annular transducers. 
Estimation of Guided Wave Scattering 
Matrices from Spatially Distributed 
Transducer Arrays 
 
---Guided waves are being considered as a tool 
for detection of defects in plate-like structures for 
aerospace, civil and mechanical applications, to 
a large degree because of their ability to travel 
relatively long distances with low attenuation.  
When a guided wave encounters a defect, a 
scattered field is generated that is related to the 
characteristics of the defect.  The far field 
scattering behavior can be described by a 
scattering matrix, which describes the amplitude 
and phase of the scattered signal as a function 
of the incident and scattered angles.  Because 
of the mode and frequency dependence of 
guided waves interacting with defects, the 
scattering matrix is typically defined for specific 
guided wave modes (incident and scattered) at a 
designated frequency.  Prior work has utilized 
finite element modeling or wave field scanning to 
estimate scattering matrices either numerically 
or experimentally, which may be inconvenient 
because of computational or experimental 
issues.  Here we propose a methodology to 
estimate a scattering matrix based on limited 
experimental data recorded from a spatially 
distributed transducer array.  Baseline 
subtraction is first used to obtain changes in 
received signals resulting from the introduction 
of the scatterer.  The differenced signals are 
then processed to provide a limited number of 
scattering matrix data points corresponding to 
incident and scattered angles for specific 
transducer pairs.  Several data interpolation and 
estimation algorithms are applied to these points 
to estimate the scattering matrix.  Results from 
representative scatterers, such as holes, 
notches and cracks, are presented to evaluate 
the efficacy of the proposed method. 
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Measurement of Elastic Constants of a Thin 
Metal Sheet with Guided Waves Based EMAT 
System 
 
---With the demand for MEMS structures, 
measurement of elastic constants has been 
extensively used in various fields. The 
mechanical properties of metallic sheets are 
often assessed by ultrasonic guided wave 
sensors. However, the existing sensors have 
some problems such as high fabrication cost 
and limitation of applying to thin films and rough 
surface condition. In this paper, we illustrated 
the EMAT generated guided wave systems 
which are manufactured with improved efficiency 
in A0 and S0 mode generation to inspect the 
elastic modulus of thin metallic sheets. 
Furthermore, this EMAT system combined with 
design optimization can reduce the iteration time 
for calculating interpolated dispersion curves. 
The present approach render a robust tool to 
measure Young’s modulus, Shear modulus and 
Poisson ratio via the comparison of experimental 
and computational group velocity dispersion 
curves.  
Analysis for Lamb Wave Scattering Based on 
BEM Simulation and Reciprocity Theorem  
 
---Lamb waves are widely regarded as one of 
the best tools to detect and quantify damage 
modes in plates which are used in aerospace 
and mechanical structures.  In this study we 
compare our previous 2-D Boundary Element 
Method (BEM), which models the scattering of 
Lamb waves from a corrosion pit on the surface 
of a plate, to analytical results which are derived 
via the reciprocity theorem.  Reflected 
coefficients of both cases are discussed in this 
paper.  Furthermore, we extend the 2-D Lamb 
wave BEM model to 3-D.  The model is 
subsequently used to analyze Lamb wave 
scattering patterns due to an incident S0 mode 
along the truncated boundary, which is 
combined with the normal mode expansion 
technique.  Displacements are calculated for 
each of the orthogonal directions in cylindrical 
coordinates.  Finally, we compare the numerical 
and analytical results.  
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UT Guided Waves 
 
Guided Wave Signal Transport in Curved and 
Tapered Plates 
---R. A. Roberts, Iowa State University, Center 
for NDE, Applied Sciences Complex II, 1915 
Scholl Road, Ames IA 50014 
 
---Use of guided waves for airframe NDE, 
whether for scheduled maintenance or 
continuous structural health monitoring (SHM), 
entails guided mode transport of flaw interaction 
signals through plate-like structures.  While 
much attention has been given to demonstration 
of guided wave inspection performance in ideal 
flat plate structures, application to actual 
airframe structures requires accommodation of 
other-than-ideal plate attributes such as plate 
curvature and/or thickness taper.  The present 
study is performing a rigorous computational 
examination the influence of plate curvature and 
taper on guided wave signal transport.  
Computational models are being applied using 
Green function/boundary integral formulations, 
exploiting Green functions for flat and cylindrical 
plates.  Extended propagation in large-scale 
plate structures displaying arbitrary cross-
sectional profiles is treated using iterative 
methods which effectively predict forward and 
reflected guided waves while circumventing the 
need for explicit inversion of large linear matrix 
equations (boundary element matrix).  Examples 
will be presented demonstrating transmission 
efficiency and mode coupling in various plate 
geometries, such as tapered airfoils.---This 
material is based upon work supported by the 
Air Force Research Laboratory under Contract # 
FA8650-04-C-5228 at Iowa State University's 
Center for Nondestructive Evaluation.   
UT Guided Waves 
 
Thickness Measurements of Metal Sheet 
Using SH Guided Wave EMATs 
---Steve Dixon, Phil Petcher, Yichao Fan, Dan 
Maisey, and Piers Nickolds, University of 
Warwick, Department of Physics, Coventry, 
United Kingdom 
 
---Conventional ultrasonic measurement of 
sample thickness from one side only, requires 
the measurement of an ultrasonic bulk wave 
reverberation time and a calibration velocity.  
Ultrasonic velocity changes with temperature, 
stress and microstructure, and so the accuracy 
of any ultrasonic thickness measurement is 
limited by the variability of any one of these 
parameters.  In many practical situations, 
access is only possible to one side of a sample, 
which means that it is not possible to obtain a 
calibration measurement from the sample in-
situ.  Using non-contact ultrasonic methods we 
generate two or more shear horizontal guided 
plate wave modes of wavelengths down to 6mm, 
on one side of a metal sheet, and change the 
separation between the transducers by a fixed 
distance.  By measuring the change in 
propagation times of each mode we are able to 
calculate sheet thickness to an accuracy of 
better than 1%, regardless of the ultrasonic 
velocity or how this may vary for even the same 
sample due to temperature variations for 
example. 
TUESDAY, SESSION 11 
 - 66 - 
UT Guided Waves 
 
Annular Plate Inspection Using Guided Wave 
Tomography 
---Arno Volker and Rik Vos, TNO, Stieltjesweg 
1, P.O.Box 155, 2600 AD Delft, The Netherlands 
 
---Corrosion is one of the industries major issues 
regarding the integrity of assets. In case of 
storage tanks, corrosion of the annular plate is a 
potential risk, which ultimately can lead to 
catastrophic failure of such a tank. Currently 
inspection is most often done from inside of the 
tank. Additionally screening methods are 
available to assess the condition of the annular 
plate. Our aim is to modify our guided wave 
travel time tomography concept to work in 
reflection mode. The symmetric zero order lamb 
wave is transmitted in the annular plate and 
reflects from the inner rim.  Simulations and 
experiments on a scale-model of a 50 meter 
diameter storage tank are performed to evaluate 
the concept. Extracting reliable travel time data 
to serve as input for a tomographic 
reconstruction will be illustrated. 
UT Guided Waves 
 
Reflection Coefficients of the T(0,1) Mode 
Guided Waves at Axisymmetric Defects 
---Hideo Nishino and Hirofumi Saito, The 
University of Tokushima, Institute of Technology 
and Science, Tokushima city, Tokushima 
Prefecture, Japan 
 
---This paper describes experimental 
investigations of reflection coefficients of T(0,1) 
mode guided waves in wide frequency range at 
gradually step-down axisymmetric defects 
together with a rectangularly step-down defect.  
A theoretical model calculating reflection 
coefficient of a defect having an arbitrary 
distribution along the axial direction was also 
used for confirmation and understanding of 
reflection phenomena.  The reflection model is 
basically based on a change of cross sectional 
area owing to the defect.  It was shown that the 
reflection coefficients changed with frequency 
except for the rectangularly step-down defect in 
both the experiments and the calculations.  All 
the experimental results agreed excellently with 
the calculation results. Discussion for the 
reverse problem was also presented. 
TUESDAY, SESSION 11 
 - 67 - 
UT Guided Waves 
 
Impact Damage Detection in Composite 
Sandwich Structures Using Lamb Waves and 
LASER Vibrometry 
---B. Lamboul, B. Passilly, J.-M. Roche, and D. 
Osmont, ONERA, the French Aerospace Lab, 
Châtillon 92, France 
 
---This paper investigates the use of guided 
waves combined with LASER vibrometry as a 
Non-Destructive Testing (NDT) means to detect 
impact damage in composite sandwich panels.  
Guided waves are generated using a 
piezoelectric disc mounted on the surface of the 
sandwich structure.  The out-of-plane velocity 
field is reconstructed from the scan of the 
sample surface with a LASER Doppler 
vibrometer.  In order to condense the acquired 
data into a single field image suitable for NDT 
analysis, the quadratic mean of the temporal 
frames is then computed.  We discuss the 
potential of this imaging technique to detect and 
size the damaged areas created with different 
impact conditions on composite sandwich 
panels.  The influences of integration time and 
guided waves excitation parameters on the final 
image are also considered.  Finally, some of the 
results are compared with data obtained on the 
same samples using pulsed infrared 
thermography. 
Probes and Sensors 
 
Thermo-Mechanical Reliability Evaluation for 
Microelectronic Packaging Using C-Mode 
Scanning Acoustic Microscopy 
---Xianghui Guo, Chunguang Xu, Liu Yang, 
Zhongzhu Liu, Xinyu Zhao, Hongbo Wang, and 
Kai Peng, Key Laboratory of Fundamental 
Science for Advanced Machining, Beijing 
Institute of Technology, Beijing, China; 
Zhongzhu Liu, School of Mechanical 
Engineering and Automation, North University of 
China, Taiyuan, China 
 
---C-mode scanning acoustic microscopy (C-
SAM) is an excellent tool for non-destructive 
failure analysis and reliability evaluation of 
microelectronic packaging. During operation and 
thermal cycling, defects such as cracks, 
delamination and voids can emerge and grow 
under thermo-mechanical stresses caused by 
materials with different coefficients of thermal 
expansion (CTE) and mechanical properties. 
According to the MIL-STD-883H Microcircuits 
Test Method Standard, the thermal cycling test 
on a set of microelectronic packaging was 
conducted and the defects growth rates of 
microelectronic packaging were studied 
experimentally using C-mode Scanning Acoustic 
Microscopy. Finally, a thermo-mechanical 
damage model was developed to evaluate the 
reliability of multi-layered microelectronic 
packaging. 
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Probes and Sensors 
 
Observation of Subsurface Structures in 
Thin Film System with Ultrasonic Atomic 
Force Microscopy 
---First Ik-Keun Park, Dong-Ryul Kwak, and 
Tae Sung Park, Seoul National University of 
Science and Technology, Department of Mech. 
Eng., Seoul, S. Korea; Chiaki Miyasaka, Penn 
State University, 310 EES BL, University Park, 
PA 16802 
 
---In this study, the Ultrasonic AFM was applied 
to visualize the subsurface structures of 
polymeric thin film covered by the SU-8.  For the 
experiment, silicon (100) wafers were used as 
substrates to deposit a nano-structured 
polymeric thin film by a spin coating method to 
make resolution patterns.  Then, the specimens 
were covered by the SU-8 photo resist by the 
spin coating method.  We were able to observe 
clearly the photo resolution pattern buried under 
the SU-8 layer.  It proves that the UAFM can 
visualize the interior of materials with high 
resolution. Consequently, the UAFM has the 
potentials for nondestructively visualizing the 
nano-structure located inside of the material. 
Probes and Sensors 
 
The Device for Research of Monomolecular 
Films Using by Microscopy at Brewster 
Angle and Surface-Plasmon Resonance 
---S. I. Valyansky, E. K. Naimi, and A. V. 
Turutin, National University of Science and 
Technology “MISIS”, Leninskiy prosp.4, 119049 
Moscow, Russia 
 
---The device, allowing to visualize and research 
of monomolecular films (type graphene) on a 
firm substrate – microscopy at Brewster angle 
and surface-plasmon resonance is described in 
this work. At reflection of p-polarized light both 
methods in aggregate give the chance to 
visualize directly a monomolecular layer, and 
also to study its dielectric characteristics. The 
given device increases contrast of visualization 
of the monomolecular layer having the small 
linear sizes in a plane of substrate and split-hair 
accuracy in definition of optical parameters. The 
device is compact, has the simple scheme, split-
hair accuracy of measurements, simplicity in 
circulation, manufacturing and application. 
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Compact CW-Sub THz Imaging System for 
Non-Destructive Testing 
---Dae-Cheol Seo, Young-Min Seung, Seung 
Hyun Cho, and B. Y. Ahn, Korea Research 
Institute of Standards and Science, Center for 
Safety Measurements, Daejeon, Republic of 
Korea 
 
---Compact CW Sub-THz imaging system using 
the THz transmitter and receiver which are 
generating and detecting the 0.34 THz wave 
was developed.  The system was configured by 
only pure electronic devices like PDRO, 
amplifier and frequency multiplier.  Thus we can 
build a compact and alignment free THz imaging 
system.  We measured the THz wave amplitude 
and phase information simultaneously using the 
heterodyne detection scheme with sub harmonic 
mixer.  For the phase imaging acquisition, most 
phase imaging information includes discontinuity 
due to phase wrapping.  To resolve this 
problem, many phase unwrapping algorithms 
have been developed.  Here, we used Goldstein 
algorithm because it provides some strength 
such as extremely fast, little memory.  The 
resulting image shows a slight improvement on 
the resolution.  Through the imaging test of 
various samples, we can clearly see the 
concealed objects in wooden or paper box.  
Also, we were able to assure that THz imaging 
system have potential as nondestructive testing 
tool. 
Probes and Sensors 
 
Development of a Magnetic Sensor for 
Internal Defect Detection in Cold-Rolled Steel 
Sheets 
---Ju Seung Lee and Sang-Woo Choi, System 
Engineering Research Group, POSCO, Pohang, 
Korea; Seho Choi and Goohwa Kim, Process 
Engineering Research Group, POSCO, Pohang, 
Korea 
 
---This paper introduces a recently-developed 
magnetic sensor based on the magnetic flux 
leakage (MFL) method for detecting defects in 
cold-rolled steel sheets.  We focus on inspecting 
internal defects, which give rise to defective 
products during press working or deep drawing, 
on the condition of high speed traveling steel 
sheets.  Through a set of experiments, we could 
verify the proposed sensor has excellent 
potential for the detection of real internal defects 
such as linear inclusions in cold-rolled steel 
sheets. 
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Vector Magnetic Field Camera for Permanent 
Magnets Inspection 
---Tomasz Chady, West Pomeranian University 
of Technology, Department of Electrical and 
Computer Engineering, Szczecin, Poland; 
Takashi Todaka, Masato Enokizono, Faculty of 
Engineering, Oita University, Oita, Japan 
 
---A new measurement system has been 
developed to observe the spatial distribution of 
the vector magnetic field.  The system consists 
of a complex Hall transducer, an analog 
multiplexer, a mechanical XYZ scanner and a 
control computer.  The matrix of Hall sensors is 
designed in this way, that all 3 components can 
be measured at once in multiple points.  The 
utilized sensors are able to measure relatively 
high fields and therefore they can be used to 
inspect permanent magnets.  Permanent 
magnets are widely used in many applications 
and their quality assurance is an important task.  
One of the methods can be imagined as 
visualizing magnetic field distribution around 
permanent magnets.  Time limitations 
encountered in mass production necessitate the 
application of rapid assessment methods.  For 
this reason, the proposed system was 
developed. 
Probes and Sensors 
 
Design and Characterization of Planar 
Capacitive Imaging Probe Based on the 
Measurement Sensitivity Distribution 
---Xiaokang Yin, Guoming Chen, and Wei Li, 
Centre for Offshore Engineering and Safety 
Technology, China University of Petroleum, 
Qingdao, Shandong, People’s Republic of 
China, 266580; David A. Hutchins, School of 
Engineering, University of Warwick, Coventry 
CV4 7AL, United Kingdom 
 
---Previous work indicated that the capacitive 
imaging (CI) technique is a useful NDE tool 
which can be used on a wide range of materials, 
including metals, glass/carbon fibre composite 
materials and concrete.  The imaging 
performance of the CI technique for a given 
application is determined by design parameters 
and characteristics of the CI probe.  In this 
paper, a rapid method for calculating the whole 
probe sensitivity distribution based on the finite 
element model (FEM) is presented to provide a 
direct view of the imaging capabilities of the 
planar CI probe.  Sensitivity distributions of CI 
probes with different geometries were obtained 
both from calculation and experimental 
measurement.  Influencing factors on sensitivity 
distribution were studied.  Comparisons between 
CI probes with point-to-point triangular electrode 
pair and back-to-back triangular electrode pair 
were made based on the analysis of the 
corresponding sensitivity distributions.  The 
results indicated that the sensitivity distribution 
could be useful for optimising the probe design 
parameters and predicting the imaging 
performance. 
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Non-Destructive Evaluation of Composite 
Materials Using a Capacitive Imaging 
Technique 
---Xiaokang Yin, Guoming Chen, and Wei Li, 
Centre for Offshore Engineering and Safety 
Technology, China University of Petroleum, 
Qingdao, Shandong, People’s Republic of 
China, 266580; David A. Hutchins, School of 
Engineering, University of Warwick, Coventry 
CV4 7AL, United Kingdom 
 
---Capacitive imaging technique is a novel NDE 
technique which can be used on various types of 
materials, from insulators to conductors.  In this 
paper, the application of the capacitive imaging 
technique to the inspection of composite 
materials is presented.  Experiments using 
capacitive imaging probes on glass/carbon fiber 
composite panels and sandwich structure with 
glass fiber faces and aluminium honeycomb 
core were carried out.  The proof-of-concept 
results indicated that the capacitive imaging 
technique could be used to detect cracks and 
delaminations in the glass fiber composite, 
defects in the aluminium core through the glass 
fiber face as well as surface features on the 
carbon fiber specimens. 
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SESSION 12 
NEW TECHNIQUES AND APPLICATIONS II 
S. Laflamme, Iowa State University, Chairperson 
Grand Mesa Ballroom B 
 
 
3:30 PM  Moisture Content Monitoring in a High-Pressure Gasket Material Using an RF Method 
---G. Bogdanov and R. Ludwig, Worcester Polytechnic Institute, Department of Electrical and 
Computer Engineering, Worcester, MA 01609; J. Wiggins and K. Bertagnolli, US Synthetic, Orem, 
UT 84058 
 
3:50 PM Nondestructive Thermoelectric Evaluation of the Grit Blasting Induced Effects in Metallic 
Biomaterials 
---H. Carreon and A. Ruiz, Instituto de Investigaciones Metalúrgicas, Edif.”U” C.U., 58000-888, 
Morelia, México; S. Barriuso, J. L. González-Carrasco, F. G. Caballero, and M. Lieblich, Centro 
Nacional de Investigaciones Metalúrgicas, Avda.Gregorio del Amo 8, E28040, Madrid, Spain;  
J. L. González-Carrasco, Centro de Investigación Biomédica en Red en Bioingeniería, 
Biomateriales y Nanomedicina (CIBER-BBN), Madrid, Spain 
 
4:10 PM Ultrasonic C-Scan Evaluation of Al/Ti Brazed Joint  
---G. V. S. Murthy, S. Gudipati, Materials Science and Technology Division, CSIR-National 
Metallurgical Laboratory, Jamshedpur-831007, India; A. Kumar and T. Jayakumar, NDE Division, 
Indira Gandhi Center for Atomic Research, Kalpakkam-603102 India 
 
4:30 PM Antenna Transmission Acoustic Resonance for Measuring Elastic Constants of 
Piezoelectric Materials at High Temperatures 
---N. Nakamura, M. Sakamoto, H. Ogi, and M. Hirao, Osaka University, Graduate School of 
Engineering Science, Toyonaka, Osaka, Japan 
 
4:50 PM Nonlinear Acoustic Effects of Microdefects in Multilayer Ceramic Capacitors 
---W. L. Johnson, S. A. Kim, and G. S. White, National Institute of Standards and Technology, 
Materials Reliability Division, Boulder, CO 80305 
 
5:10 PM  Analysis of Transient Infrared Thermography Using Phasor Techniques 
---Y. Plotnikov and H. Ringermacher, GE Global Research Center, 1 Research Circle, Niskayuna, 
NY 12309 
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3:30 PM 
 
Moisture Content Monitoring in a High-
Pressure Gasket Material Using an RF 
Method 
---Gene Bogdanov and Reinhold Ludwig, 
Worcester Polytechnic Institute, Department of 
Electrical and Computer Engineering, 
Worcester, MA 01609; Jason Wiggins and Ken 
Bertagnolli, US Synthetic, Orem, UT 84058 
 
---High-pressure, high-temperature sintering of 
super-hard materials, such as polycrystalline 
diamond, requires a pressure cell enveloped in a 
specialized gasket material.  Under pressure this 
material must squeeze out into the gaps 
between the press anvils, but then stop flowing 
and form a seal to confine the pressure in cell.  
Gaskets are manufactured by pressing a moist 
mixture of ceramic powders into the desired 
shape and then drying at a fixed temperature.  
Finished gaskets contain approximately 0.2% 
moisture content by weight, as determined by 
further drying the sample at a higher 
temperature.  Unfortunately, the gasket material 
is hygroscopic: moisture reabsorbed from the air 
alters the material properties, leading to a higher 
probability of anvil failure.  In this paper a non-
destructive moisture content monitoring 
technique is proposed to mitigate this issue.  We 
present a radio frequency (RF) moisture 
measurement approach that is sensitive to low 
moisture levels and insensitive to sample 
positioning.  Research was conducted to relate 
the RF measurements to the bulk moisture 
content as well as reabsorbed moisture near the 
surface.  We will show that the relationship 
between bulk moisture and RF dissipation factor 
is nonlinear, causing the measurements to be 
insensitive to intrinsic moisture, but sensitive to 
reabsorbed moisture. 
3:50 PM 
 
Nondestructive Thermoelectric Evaluation of 
the Grit Blasting Induced Effects in Metallic 
Biomaterials 
---H. Carreon and A. Ruiz, Instituto de 
Investigaciones Metalúrgicas, Edif.”U” C.U., 
58000-888, Morelia, México; S. Barriuso, J. L. 
González-Carrasco, F. G. Caballero, and M. 
Lieblich, Centro Nacional de Investigaciones 
Metalúrgicas, Avda.Gregorio del Amo 8, 
E28040, Madrid, Spain; J. L. González-
Carrasco, Centro de Investigación Biomédica en 
Red en Bioingeniería, Biomateriales y 
Nanomedicina (CIBER-BBN), Madrid, Spain  
 
---Grit blasting is a surface treatment process 
widely used to enhance mechanical fixation of 
the implants through increasing their roughness. 
Test samples of two metallic biomaterial alloys 
such 316LVM and Ti6Al-4V were blasted by 
projecting Al2O3 and ZrO2 particles which yield 
a coarse and a fine rough surface. Then, the 
blasted samples were thermally treated before 
and after partial stress relaxation and measured 
by non-destructive thermoelectric techniques 
(NDTT), the non-contacting and contacting 
thermoelectric power (TEP) measurements 
respectively. It has been found that the TEP 
measurements are associated directly with the 
subtle material variations such as cold work and 
compressive residual stresses due to plastic 
deformation produced by grit blasting. The TEP 
measurements clearly demonstrate that the non-
contact NDTT technique is very sensitive to the 
reverse transformation of the α’-martensite 
(blasted 316LVM) and the expected relaxation of 
compressive residual stresses with increasing 
the severity of the thermal treatment (blasted 
316LVM and Ti-6Al-4V), while the contact NDTT 
results are closely related to grain size 
refinement and work hardening. 
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Ultrasonic C-Scan Evaluation of Al/Ti Brazed 
Joint  
---Murthy V.S. Gudimella, Sridhar Gudipati, 
Materials Science and Technology Division, 
CSIR-National Metallurgical Laboratory, 
Jamshedpur-831007, India; Anish Kumar and T. 
Jayakumar, NDE Division, Indira Gandhi Center 
for Atomic Research , Kalpakkam-603102 India 
 
---An indigenously developed brazed joint of 
Al/Ti was characterized by ultrasonic C-scan 
method.  The study revealed certain debond 
locations in the brazed joint.  These debond 
locations would have resulted due to the failure 
of filler material’s joining ability.  In spite of 
certain amount of load applied on the braze 
base metals, the above debonding happened.  
The debond locations further confirm that the 
pressure was not sufficient and therefore the 
debonds are present at exactly the same 
location where there were gaps in the fixture.  
Further analysis revealed that these debonds 
were present at the interface between the braze 
material and Al-plate.  It is concluded that 
ultrasonic C-scan can be effectively used to 
evaluate the bond characteristics in a brazed 
joint between dissimilar metals. 
4:30 PM 
 
Antenna Transmission Acoustic Resonance 
for Measuring Elastic Constants of 
Piezoelectric Materials at High Temperatures 
---Nobutomo Nakamura, Masanori Sakamoto, 
Hirotsugu Ogi, and Masahiko Hirao, Osaka 
University, Graduate School of Engineering 
Science, Toyonaka, Osaka, Japan 
 
---Elastic constant of piezoelectric material is an 
essential parameter for designing acoustic 
sensors and filters, and its temperature 
dependence is required for designing the 
sensors used at elevated temperatures.  In this 
study, elastic constants of langasite and quartz 
are measured at high temperatures by antenna 
transmission acoustic resonance (ATAR).  The 
ATAR determines all independent elastic 
constants by measuring resonance frequencies 
of a rectangular parallelepiped piezoelectric 
specimen contactlessly using its own 
piezoelectricity with an antenna.  Without using 
the conventional contacting ultrasonic 
transducers, vibrational sources are excited 
directory in the specimen.  Elastic constants are 
determined up to 1223 K for langasite and until 
just below the phase transition temperature for 
quartz.  The values are compared to those 
measured by other methods in previous studies. 
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4:50 PM 
 
Nonlinear Acoustic Effects of Microdefects in 
Multilayer Ceramic Capacitors 
---Ward L. Johnson, Sudook A. Kim, and 
Grady. S. White, National Institute of Standards 
and Technology, Materials Reliability Division, 
Boulder, CO 80305 
 
---Leakage of current through microscale defects 
of multilayer ceramic capacitors (MLCC) is one 
of the most common causes of failure of active 
implantable medical devices in service.  The 
potentially life-threatening nature of such failures 
makes evaluation of the susceptibility of 
individual MLCC to electrical degradation a high 
priority for manufacturers of both capacitors and 
devices.  In this study, nonlinear acoustic 
methods were pursued for detecting microcracks 
that have the potential of evolving into 
conducting paths during service of MLCC.   The 
acoustic measurements were performed through 
the use of direct ferroelectric tone-burst 
excitation under DC bias.  Model defects in 
unmounted BaTiO3-based MLCC were 
introduced through ice-water quenching from 
190 C.  Acoustic nonlinearity, as reflected in the 
vibrational-amplitude dependence of a resonant 
frequency near 1 MHz, was found to increase 
with the number of quenchings.  This result is 
consistent with microcracks being induced by 
thermal stress during quenching and 
contributing substantially to the nonlinearity.  
Interpretation of the data is complicated by the 
frequencies being dependent on time under DC 
bias and annealing above the temperature of the 
cubic/tetragonal phase transition (~125 C).  
These effects are understood to be associated 
with the evolution of ferroelectric domains. 
5:10 PM 
 
Analysis of Transient Infrared Thermography 
Using Phasor Techniques 
---Yuri Plotnikov and Harry Ringermacher, GE 
Global Research Center, 1 Research Circle, 
Niskayuna, NY 12309 
 
---Transient infrared thermography with thermal 
stimulation has been successfully employed for 
the task of subsurface flaw detection in different 
materials. It is especially efficient for 
nondestructive evaluation of advanced 
composite components where conventional 
methods such as x-ray, ultrasound and 
electromagnetic experience a high level of noise 
due to non-homogeneous structure of 
composites. Recent technology developments 
were focused on improvements in defect 
detection and characterization.  In this work, the 
complex plane signal representation, known as 
phasors from electromagnetic theory, is 
investigated. Orthogonal integral transforms are 
applied to the thermal decay on the surface for 
the variable time intervals to compute the real 
and imaginary components of the fundamental 
frequency defined by the processing time 
interval. Additional phase rotation and re-
positioning (translation) of the center of 
coordinates enables imaging of the flaws located 
at different depths with a higher signal to  noise 
ratio (or higher contrast).   Examples of multi-
frequency and phase analysis are given for the 
data obtained from an infrared camera while it 
monitors a flash lamp pulse applied to a 
specially designed test composite plate. It is 
demonstrated that the developed processing 
technique results in a higher contrast image of 
flaws located deeply under the surface, thus 
improving detection capabilities of infrared 
transient thermography. 
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SESSION 13 
TERAHERTZ AND CT NDE 
Y. Plotnikov, GE, Chairperson 
Grand Mesa Ballroom A 
 
 
3:30 PM Influence of Terahertz Waves on the Fiber Direction of CFRP Composite Laminates 
---K.-H. Im, Woosuk University, Department of Automotive Engineering, Chonbuk, 565-701, Korea; 
D. K. Hsu, C.-P. T. Chiou, and D. J. Barnard, Iowa State University, Center for NDE, 1915 Scholl 
Road, Ames, IA 50011 
 
3:50 PM  Beam Modeling for Terahertz Spectroscopy 
---C.-P. T. Chiou and D. J. Barnard, Iowa State University, Center for NDE, 1915 Scholl Road, 
Ames, IA 50011 
 
4:10 PM THz Metamaterial Films for Structural Health Monitoring 
---K. Park and P. Chahal, Michigan State University, Department of Electrical and Computer 
Engineering, East Lansing, MI 48824 
 
4:30 PM  High Resolution X-Ray Micro-CT of Ultra-Thin Wall Space Components 
---D. J. Roth1, R. W. Rauser2, R. R. Bowman,1 P. J. Bonacuse,1 R. E. Martin3, I. E. Locci,2 and  
M. Kelley4, 1NASA Glenn Research Center, Cleveland, OH 44135; 2University of Toledo, Toledo, 
OH 43606-3390; 3Cleveland State University, Cleveland, OH 44115; 4NEURAL ID, 230 Twin 
Dolphin Drive, Suite D, Redwood City, CA 94065 
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3:30 PM 
 
Influence of Terahertz Waves on the Fiber 
Direction of CFRP Composite Laminates 
---Kwang-Hee Im, Department of Automotive 
Eng., Woosuk University, Chonbuk, 565-701, 
Korea; David K. Hsu, Chien-Ping Chiou, and 
Daniel J. Barnard, Iowa State University, Center 
for NDE, 1915 Scholl Road, Ames, IA 50011 
 
---The importance of Carbon-fiber reinforced 
plastics (CFRP) are widely utilized due to more 
high performance in engineering structures. It was 
well known that a nondestructive technique would 
be very beneficial.  A new terahertz radiation has 
been recognized for their importance in 
technological applications.  Recently, T-ray 
(terahertz ray) advances of technology and 
instrumentation has provided a probing field on the 
electromagnetic spectrum.  The THz-TDS can be 
considered as a useful tool using general non-
conducting materials; however it is quite limited to 
conducting materials. In order to solve various 
material properties, the index of refraction(n) and 
the absorption coefficient (α) are derived in 
reflective and transmission configuration using the 
terahertz time domain spectroscopy.  However, the 
T-ray is limited in order to penetrate a conducting 
material to some degree.  Here, the T-ray would 
not go through easily the CFRP composite 
laminates since carbon fibers are electrically 
conducting while the epoxy matrix is not. So, 
investigation of terahertz time domain 
spectroscopy (THz TDS) was made and reflection 
and transmission configurations were studied for a 
48-ply thermoplastic PPS(poly-phenylene sulfide)-
based CFRP solid laminate.  It is found that the 
electrical conductivity of CFRP composites 
depends on the direction of unidirectional fibers.  
Also, the T-ray could penetrate a CFRP composite 
laminate a few ply based on the E-filed (Electrical 
field) of carbon fibers.  The terahertz scanning 
images were made at the angles ranged from 0º to 
180º with respect to the nominal fiber axis.  So, the 
images were mapped out based on the electrical 
field (E-field) direction in the CFRP solid laminates.  
Also, using two-dimensional spatial Fourier 
transform, interface C-scan images were 
transformed into quantitatively angular distribution 
plots to show the fiber orientation information 
therein and to determine the orientation of the ply.--
-This work was supported by the NSF 
Industry/University Cooperative Research program 
and also was financially backed by Basic Science 
Research Program through Research Foundation 
of Korea funded by the Ministry of Education, 
Science and Technology. 
3:50 PM 
 
Beam Modeling for Terahertz Spectroscopy 
---Chien-Ping T. Chiou and Daniel J. Barnard, 
Center for NDE, Iowa State University, Ames, IA 
50011 
 
---Terahertz spectroscopy for material 
characterizations are often performed on flat-
plate samples in through-transmission mode.  
Reference measurements are usually required 
and taken in the same setup without the 
presence of samples.  In such way, the effect 
and dependence of beam pattern is largely 
minimized.  When carrying out in-situ inspection 
of material uniformity or degradation through 
complicate geometry, however, this technique 
becomes impractical and erroneous.  In this 
paper, we present a remedy by incorporating 
beam models into the measurement process.  
The reference measurements can then be made 
in a more universal setting elsewhere.  
Specifically, we consider the multi-Gaussian 
beam model which has been proven accurate 
and computationally efficient, and is capable of 
handling a wide range of interface geometries.  
Extensive simulation examples and the 
corresponding experiment verifications will be 
presented to support the proposed method.---
This material is based upon work supported by 
the Air Force Research Laboratory under 
Contract #FA8650-04-C-5228 at Iowa State 
University’s Center for Nondestructive 
Evaluation. 
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THz Metamaterial Films for Structural Health 
Monitoring 
---Kyoung Park and Premjeet Chahal,  
Department of Electrical and Computer 
Engineering, Michigan State University, East 
Lansing, MI 48824 
 
---Metamaterials or artificially structured 
composites have been used in the construction 
of novel sensors, circuits and devices. These 
artificial materials are extremely sensitive to 
material loading. Here we implement these 
structures for non-destructive testing 
applications in the terahertz (THz) frequency 
regime. Terahertz penetrates most optically 
opaque materials and its small wavelengths 
leads to compact sensor designs. Combination 
of these technologies will allow in the stand-off 
monitoring of structures with high sensitivity 
while utilizing compact sensors.  Flexible films 
that can easily be embedded or mounted on 
structures under test were designed, fabricated 
and tested. Different types of metamaterial unit 
cells are analyzed to achieve high sensitivity to 
strain. Measurements are carried out in 
reflection and transmission mode over a wide 
spectral range. This paper will outline the details 
of design, fabrications and testing of such a 
structure. 
4:30 PM 
 
High Resolution X-Ray Micro-CT of Ultra-
Thin Wall Space Components 
---D. J. Roth1, R.W. Rauser2, R. R. Bowman,1 
P.J. Bonacuse,1 R.E. Martin3, I. E. Locci,2 and M. 
Kelley4, 1NASA Glenn Research Center, 
Cleveland, OH 44135; 2University of Toledo, 
Toledo, OH 43606-3390; 3Cleveland State 
University, Cleveland, OH  44115; 4NEURAL ID, 
230 Twin Dolphin Drive, Suite D, Redwood City, 
CA 94065 
 
---A high resolution micro-CT system has been 
assembled and is being officially used to provide 
optimal characterization for ultra-thin wall space 
components.  The Glenn Research Center NDE 
Sciences Team, using this CT system, has 
assumed the role of inspection vendor for the 
Advanced Stirling Convertor (ASC) project at 
NASA.  This presentation will discuss many 
aspects of the development of the CT scanning 
for this type of component, including CT system 
overview; inspection requirements; large data 
set management; software utilized and 
developed to visualize, process, and analyze 
results; process optimization and improvements; 
calibration sample development; results on 
actual samples; correlation with optical/SEM 
characterization; CT modeling; and development 
of automatic flaw recognition software. 
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SESSION 14 
NDE FOR STRUCTURAL HEALTH MONITORING 
J. Ayers, U. S. Army Research Lab, Chairperson 
Chasm Creek AB 
 
 
 
3:30 PM Guided Wave Scattering by Integral Stiffeners 
---R. Reusser, S. D. Holland, and R. Roberts, Iowa State University, Center for NDE, 1915 Scholl 
Road, Ames, IA  50011 
 
3:50 PM Impact Source Location of Composite Laminates Using a Single Sensor and Time Reversal 
Technique 
---H. Jeong and J. Cho, Wonkwang University, Division of Mechanical and Automotive 
Engineering, Iksan, Jonbuk, South Korea 
 
4:10 PM Structural Health Monitoring of Smart Composite Materials by Means of Acoustic Emission 
---S. Masmoudi, A. El Mahi, and R. El Guerjouma, Laboratoire d'Acoustique de l'Université  
du Maine, LAUM UMR CNRS 6613, Le Mans, France; S. Turki, Faculté des Sciences de Sfax, 
Département de Physique, Sfax, Tunisia 
 
4:30 PM Design Optimization of a Magnetic Circuit and Sensor System for MFL Testing of Pipelines 
---S. Roa-Prada and J. A. Parra-Raad, Universidad Autónoma de Bucaramanga, Department of 
Mechatronics Engineering, Bucaramanga, Santander, Colombia; H. A. Garnica, S. Quintero-
Carvajal, and M. A. Quintero-Carvajal, Corporación para la Investigación de la Corrosión, UEN 
Tecnologías, Piedecuesta, Santander, Colombia 
 
4:50 PM Long Term Stability and Expected Performance of a Guided Lamb Wave SHM System 
---V. Attarian, F. Cegla, and P. Cawley, Imperial College, 682 Mechanical Engineering, Exhibition 
Road, London SW7 2AZ, United Kingdom 
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Guided Wave Scattering by Integral 
Stiffeners 
---R. Reusser, S. D. Holland, and R. Roberts, 
Iowa State University, Center for NDE, 1915 
Scholl Road, Ames, IA 50011 
 
---Wave transmission through joints and 
stiffeners is a limiting factor for the use of guided 
Lamb waves in structural health monitoring 
(SHM) applications.  Using generalized 
impedances we show relatively simple 
calculations for predicting the transmission of 
Lamb waves across an integral stiffener.  These 
predictions closely match both numerical 
boundary element simulation and experiment.  
We also try to develop a simple rule of thumb for 
predicting pass- and stop-bands from resonant 
wavelengths, but find that such a rule is elusive. 
3:50 PM 
 
Impact Source Location of Composite 
Laminates Using a Single Sensor and Time 
Reversal Technique 
---Hyunjo Jeong and Jungjong Cho, Wonkwang 
University, Division of Mechanical and 
Automotive Engineering, Iksan, Jonbuk, South 
Korea 
 
---A structural health monitoring technique for 
locating impact position in anisotropic composite 
laminates is presented in this paper. The 
method employs a single sensor and spatial 
focusing of time reversal (TR) acoustics. We first 
examine the TR focusing effect at the impact 
position and its surroundings through simulation 
and experiment. The imaging results of impact 
positions show that the impact source location 
can be accurately estimated in any position of 
the laminate. Compared to existing techniques 
for locating impact or acoustic emission source, 
the proposed method has the benefits of using a 
single sensor and not requiring knowledge of 
material properties and geometry of structures. 
Furthermore, it does not depend on a particular 
mode of dispersive Lamb waves that is 
frequently used in the structural health 
monitoring (SHM) of plate-like structures. 
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Structural Health Monitoring of Smart 
Composite Materials by Means of Acoustic 
Emission 
---S. Masmoudi, A. El Mahi, and R. El 
Guerjouma, Laboratoire d'Acoustique de 
l'Université du Maine, LAUM UMR CNRS 6613, 
Le Mans, France; S. Turki, Faculté des Sciences 
de Sfax, Département de Physique, Sfax, 
Tunisia 
 
---In this paper, we describe a structural Health 
Monitoring method of damage in polymer matrix 
composites using piezoelectric sensors 
embedded within the material. Firstly, 
experimental research is focused on examining 
the effects of the embedded sensors on the 
structural integrity of composites subjected to 
quasi-static and creep flexural loads. A series of 
specimens of laminate composites with and 
without embedded piezoelectric sensors were 
tested. The composite specimens with sensors 
embedded in the mid-plane and without sensors 
were tested in three-point bending in static and 
creep tests. The damage was monitored using 
the Acoustic Emission (AE) generated by the 
material during the load for both samples.  
Unsupervised pattern recognition analyses 
(fuzzy C-means clustering) associated with a 
principal component analysis is used for the 
classification of AE events to identify the 
different damage mechanisms and to 
understand their contribution to final rupture for 
both types of samples (with and without 
embedded sensors). The static flexural tests 
indicate that the ultimate strength of the 
embedded composites is reduced, while the 
elastic modulus is not significantly affected. In 
creep tests the remaining life time is affected by 
the embedded sensors. However, Acoustic 
Emission analysis shows that the integration of 
the sensor presents several advantages for the 
detection of the acoustic emission events and 
the damage mechanisms analysis. This method 
provides a better determination of the time 
dependency of each identified damage 
mechanism as a function of test time. We show 
through this approach that it is possible, using 
AE and embedded piezoelectric sensors, to 
identify the most critical damage mechanisms 
leading to the final failure of the material. The 
possibility of assessing time to failure of the 
tested samples from AE is also investigated. 
4:30 PM 
 
Design Optimization of a Magnetic Circuit 
and Sensor System for MFL Testing of 
Pipelines 
---Sebastian Roa-Prada and Jaime A. Parra-
Raad, Universidad Autónoma de Bucaramanga, 
Department of Mechatronics Engineering, 
Bucaramanga, Santander, Colombia; Hernan A. 
Garnica, Sergio Quintero-Carvajal, and Mario A. 
Quintero-Carvajal, Corporación para la 
Investigación de la Corrosión, UEN Tecnologías, 
Piedecuesta, Santander, Colombia 
 
---Structural integrity monitoring of oil and gas 
pipelines is typically performed by means of 
pipeline inspection gauges, also called smart 
pigs. These robotic tools help locating anomalies 
in the wall of a pipeline employing techniques 
such as Magnetic Flux Leakage (MFL) and 
ultrasound, among others. It is well known that 
MFL signals are highly sensitive to changes in 
parameters such as the velocity of the pig, 
magnetic permeability and residual stresses in 
the material of the wall, and the time 
dependence of the magnetic field generated.  
The present work focuses on the design 
optimization of the magnetic circuit and sensor 
of a MFL system in order to reduce the impact of 
variations in the operating parameters when the 
signals are recorded. The magnetic circuit under 
study is established by two sets of permanent 
magnets circumferentially arranged and a Hall 
effect sensor to measure the MFL signals. The 
first step will be to apply multivariable 
optimization algorithms to find  optimal 
configurations that minimize the effects of 
changes in velocity so that the measurements 
tolerate fluctuation on this variable, which in turn 
reduces the control effort to achieve constant 
speed of the pig. The speed control of the pig is 
a critical issue since this tool encounters 
irregularities as it travels along the pipe that 
could force it to come to a complete stop, 
followed by transient periods where peak 
speeds much higher than desired can be 
reached, directly affecting the quality of the MFL 
recordings. Finally, studies will be conducted 
over the optimal configurations previously found 
to observe their response with respect to 
changes in magnetic permeability of the wall. 
The results obtained provide useful insights 
about the multivariable design of a MFL system, 
providing guidelines to obtain optimal 
performance for the identification of the locations 
of defects in the wall of a pipeline.  
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4:50 PM 
 
Long Term Stability and Expected 
Performance of a Guided Lamb Wave SHM 
System 
---Vatche Attarian, Frederic Cegla, and Peter 
Cawley, Imperial College, 682 Mechanical 
Engineering, Exhibition Road, London SW7 
2AZ, United Kingdom 
 
---Safe operation and development of aging 
aerospace, energy, and shipping infrastructure 
relies on manually inspecting plate-like structural 
elements. Structural health monitoring (SHM) 
with permanently installed, sparse arrays of 
guided wave sensors promises to automate 
these maintenance efforts and make them more 
cost effective. Temperature compensated 
subtraction between monitored Lamb wave 
signals and baseline waveforms has enabled 
defect (<1% reflectors) detection and localization 
in densely featured plates that are subjected to 
ambient thermal fluctuation (<0.5oC). 
Robustness of this monitoring approach through 
extended environmental and operational 
exposure however requires high and stable 
signal-to-random-noise (SRNR) and signal-to-
coherent-noise (SCNR) ratios in data collected 
with sensors. This study investigated the 
implications of quantified long term trends in 
signal-to-noise ratios on defect detection 
capabilities. Extended thermal cycling of 
transducers with various adhesive systems in an 
environmental chamber has been exploited to 
track and study changes in SRNR and SCNR. 
Test results were used to develop a model of 
noise evolution which was used to estimate 
effects on capabilities to discriminate defects 
with known scattering characteristics. The 
experimental data and the prediction of system 
performance based on the noise model will be 
presented.  
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SESSION 15 
NDE FOR MATERIALS CHARACTERIZATION 
S. Singh, Honeywell, Chairperson 
Grand Mesa Ballroom C 
 
 
3:30 PM Influences of Secondary Phase Precipitate Density and Residual Stress on Conductivity 
Profiles of Shot Peened Nickel-Base Superalloy 
---R. Chandrasekar1, 2, A. M. Frishman2, C. C. H. Lo2, and N. Nakagawa2, 1,2Iowa State University, 
Ames, IA 50011; 1Department of Materials Science and Engineering, 2Center for NDE, 1915 Scholl 
Road, Ames, IA 50011 
 
3:50 PM Effects of Cold Work on Near-Surface Conductivity Profiles in Laser Shock Peened and Shot 
Peened Nickel-Base Superalloy 
---T. J. Lesthaeghe1, B. F. Larson2, R. Chandrasekar1, A. M. Frishman1, C. C. H. Lo1 and  
N. Nakagawa1; Iowa State University, Ames, Iowa 50011; 1Center for NDE, 1915 Scholl Road, 
Ames, IA 50011; 2Engineering Academic/Student Affairs, Iowa State University, 316 Marston, 
Ames, IA 50011-2150 
 
4:10 PM Improving Practical Nonlinear Measurements by Modeling of the Ultrasonic Field 
---S. R. Best, University of Bristol, Department of Mechanical Engineering, Bristol, Avon, United 
Kingdom 
 
4:30 PM Noncontact Nonlinear Resonant Ultrasound Spectroscopy to Evaluate Creep Damage in an 
Austenitic Stainless Steel 
---T. Ohtani, Y. Kusanagi, and Y. Ishii, Shonan Institute of Technology, Department of Mechanical 
Engineering, Fujisawa, Kanagawa, Japan 
 
4:50 PM Eddy Current Measurement System Evaluation (MSE) for Corrosion Depth Determination on 
Cast Aluminum Aircraft Structure 
---S. Singh, D. Greving, A. Kinney, F. Vensel, J. Ohm, and M. Peeler, Honeywell Aerospace, 
Phoenix, AZ 85034 
 
5:10 PM Inspection and Evaluation of Dry Fibers in Thick Composites 
---S. K. Chakrapani1, 2, V. Dayal1, 2, and D. J. Barnard2, 1Department of Aerospace Engineering, 
Iowa State University Ames IA 50011; 2Center for NDE, Iowa State University, 1915 Scholl Road, 
Ames, IA 50011 
 
5:30 PM Ultrasonic Scattering Measurements of Dispersed Oil Droplets 
---P. D. Panetta and L. Bland, Applied Research Associates, Inc., Route 1208 Greate Road, 
Gloucester Point, VA 23062; G. Cartwright, Virginia Institute of Marine Science of the College of 
William & Mary, Williamsburg, VA 23187-8795 
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3:30 PM 
 
Influences of Secondary Phase Precipitate 
Density and Residual Stress on Conductivity 
Profiles of Shot Peened Nickel-Base 
Superalloy 
---R. Chandrasekar1, 2, A.M. Frishman2, C.C.H. 
Lo2, and N. Nakagawa2, 1,2Iowa State University, 
Ames, Iowa 50011; 1Department of Materials 
Science and Engineering, 2Center for 
Nondestructive Evaluation  
 
---This paper reports on a systematic study of 
the competing effects of microstructure and 
residual stress on the near-surface conductivity 
profiles of shot peened Inconel 718.  Swept 
frequency eddy current (SFEC) has been 
identified as a candidate for characterization of 
residual stresses in surface-treated nickel-base 
superalloy. However, such possibility is 
confounded by the strong influences of 
metallurgical factors on EC signals, which are 
not yet fully understood.  We approach the 
problem by assuming that conductivity profiles of 
shot peened surfaces are contributed by (i) 
residual stress via the piezoresistivity effect, (ii) 
microstructural changes, and (iii) cold work.  In 
this work, we characterized the shot peening-
induced microstructural changes in a series of 
heat-treated Inconel 718 samples, in particular 
the surface damage and variations of secondary 
phase precipitate density, and examined their 
effects on conductivity profiles.  We found that 
the effects of surface damage can be accounted 
for by including a thin, less conducting surface 
layer in the model-based inversion of 
conductivity profiles.  Conductivity deviation 
profile due to the observed depth dependence of 
precipitate density was estimated, and its 
influences on residual stress characterization 
will be discussed.  Study of the cold work effects 
will be reported in a companion paper at this 
conference.---This material is based upon work 
supported by the Air Force Research Laboratory 
under Contract # FA8650-04-C-5228 at Iowa 
State University's Center for Nondestructive 
Evaluation. 
3:50 PM 
 
Effects of Cold Work on Near-Surface 
Conductivity Profiles in Laser Shock Peened 
and Shot Peened Nickel-Base Superalloy 
---T. J. Lesthaeghe1, B. F. Larson2, R. 
Chandrasekar1, A. M. Frishman1, C. C. H. Lo1 
and N. Nakagawa1; Iowa State University, 
Ames, Iowa 50011; 1Center for Nondestructive 
Evaluation; 2Engineering Academic/Student 
Affairs 
 
---This paper reports on a study of the effects of 
cold work induced by surface enhancement 
treatment on conductivity profiles in nickel-base 
superalloys, as part of the on-going efforts 
aimed at evaluating the feasibility of 
characterizing near-surface residual stress 
profiles in peened engine components using a 
swept frequency eddy current (SFEC) 
technique.  The approach is based on the 
empirical piezoresistivity effect that correlates 
conductivity changes with residual stress, but 
such correlation has recently been found to be 
strongly influenced by metallurgical factors.  The 
objective of this study is to examine the 
conductivity changes induced by two peening 
processes, namely shot peening and laser 
shock peening, which are known to produce 
different residual stress and cold work profiles.  
In this study, three sets of Inconel 718 samples, 
which were solutionized, solutionized and aged, 
or direct-aged, were laser peened and shot 
peened at different levels.  Conductivity profiles 
were obtained by model-based inversion of 
SFEC signals, and were compared with the 
residual stress and cold work profiles.  The 
feasibility of sorting out the competing effects of 
cold work on EC residual stress measurements 
will be discussed.---This material is based upon 
work supported by the Federal Aviation 
Administration under Contract Number 
DTFACT-09-C-00006 and performed at Iowa 
State University’s Center for NDE. 
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4:10 PM 
 
Improving Practical Nonlinear Measurements 
by Modeling of the Ultrasonic Field 
---Steven R. Best, University of Bristol, 
Department of Mechanical Engineering, Bristol, 
Avon, United Kingdom 
 
---The harmonic generation technique has been 
shown to be a promising method of detecting 
early-stage damage in engineering components.  
Many studies have shown the nonlinearity 
parameter to increase with increasing induced 
material strain, showing a good qualitative 
relationship between the two factors.  However, 
due to the various technicalities involved with 
practical measurements, it is so far uncertain 
how one measurement of nonlinearity may 
compare to another on a different sample and 
using a different experimental setup.  Hence our 
work goes some way to developing a holistic 
approach to making absolute nonlinearity 
measurements by harmonic generation.  
Specifically, we focus on the variation in the 
sound field produced by a disc-shaped 
transmitting source, and how the field varies with 
transmitter radius and input frequency.  We also 
investigate attenuation, and how it may be 
combined with a diffraction-fit model to describe 
the decay in intensity of the sound beam with 
increasing axial distance.  Having modeled the 
linear field, we develop a general solution for 
calculating the associated nonlinear field.  
Finally, we see how the most repeatable 
measurement of nonlinearity may be made, and 
derive a new method of measurement of the β 
parameter which accounts for the 
aforementioned factors. 
4:30 PM 
 
Noncontact Nonlinear Resonant Ultrasound 
Spectroscopy to Evaluate Creep Damage in 
an Austenitic Stainless Steel 
---Toshihiro Ohtani, Yuuki Kusanagi, and 
Yutaka Ishii, Shonan Institute of Technology, 
Department of Mechanical Engineering, 
Fujisawa, Kanagawa, Japan 
 
---In this paper, we describe an evaluating 
technique of creep damage in an austenitic 
stainless steel, JIS-SUS304, under 120MPa, 
973 K by the nonlinear resonant ultrasound 
spectroscopy (NRUS), which is a resonance-
based technique exploiting the significant 
nonlinear behavior of damaged materials.  In 
NRUS, the resonant frequency of an object is 
studied as a function of the excitation level.  As 
the excitation level increases, the elastic non-
linearity is manifest by a shift in the resonance 
frequency.  NRUS exhibits high sensitivity to 
microstructural change of damaged materials.  
We use an electromagnetic acoustic transducer 
(EMAT) to monitor NRUS of bulk shear wave 
propagating in the thickness direction of the 
sample.  The EMAT operates with the Lorentz-
force mechanism and is the key to establish a 
monitoring for microstructural change during 
creep with high sensitivity.  Furthermore, use of 
EMAT makes contactless transduction 
possibility.  We also monitor the change of linear 
ultrasonic characterizations, shear-wave 
attenuation and velocity.  NRUS exhibits much 
larger sensitivity to the damage accumulation 
than the velocity.  This measured NRUS showed 
a peak at 50 % and a minimum at 70 % of the 
total life.  The attenuation change is similar to 
that of NRUS during the creep.  The range of 
change in NRUS is larger than that of the 
attenuation.  We interpreted these phenomena 
in terms of dislocation mobility and restructuring, 
with support from scanning electron microscope 
(SEM) and transmission electron microscope 
(TEM) observations.  The NRUS evolution as 
creep progress is related to the microstructure 
change, especially, dislocation mobility.  This is 
supported by TEM observation for dislocation 
structure.  This technique has potential to 
assess the damage advance and to predict the 
creep life of metals. 
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4:50 PM 
 
Eddy Current Measurement System 
Evaluation (MSE) for Corrosion Depth 
Determination on Cast Aluminum Aircraft 
Structure 
---Surendra Singh, Daniel Greving, Andy Kinney, 
Fred Vensel, Jim Ohm, and Mike Peeler, Honeywell 
Aerospace, Phoenix, AZ 85034 
 
---An eddy current technique was developed to 
determine the corrosion depth on a bare flange face 
of a cast aluminum A356-T6 aircraft engine front 
frame structure.  The eddy current signals along with 
the corrosion depths determined through metallurgical 
cross sections were used to develop an empirical 
relation between voltage and depth.  The eddy current 
technique and depth determination are used to 
inspect the engine structures during overhaul to 
determine if they are fit for continued service.  An 
accurate and reliable Non-Destructive Inspection is 
required to ensure that structures returned to service 
are safe for continued operation.  NDE system 
reliability demonstrations of the eddy current 
technique are traditionally reported in terms of 
Probability of Detection (POD) data using MILBK 
1823A. However, the calculation of POD data is 
based on a simple linear predictive model that is valid 
only if certain criteria are met. These are: 1) NDE 
system response is measurable (i.e. continuous data), 
2) Flaw size is known and measurable (i.e. 
continuous data), 3) relationship between the NDE 
system response and flaw size is linear (or linear on a 
log scale), 4) variation in measured signal response 
around a predicted response for a given flaw size is 
normally distributed, 5) the variation around the 
predicted response is constant (i.e. variation does not 
change with flaw size), and 6) inherent variability in 
the NDE system is known and fully understood. In this 
work, a Measurement System Evaluation (MSE) of 
the Eddy Current System was used to address some 
of these concerns. This work was completed on two 
of the aircraft structures having varying corrosion 
depths. The data were acquired in a random manner 
at fifty regions of interests (ROIs). Three operators 
participated in this study, and each operator 
measured Eddy Current response three times at each 
ROI. In total, there were four hundred and fifty data 
points collected. Following this, the two structures 
were sectioned for measuring corrosion depth. Thus, 
the obtained eddy current response and depth data 
were used for quantifying the Eddy Current System 
inherent variability by determining Analysis Of 
Variance (ANOVA), Gage R&R, control charts, and 
Gage run charts. Initial results from this study show 
that the Eddy Current System is capable for 
determining corrosion depths on the structures as well 
as for discriminating acceptable from non-acceptable 
parts. 
5:10 PM  
 
Inspection and Evaluation of Dry Fibers in 
Thick Composites 
---Sunil Kishore Chakrapani1, 2, Vinay Dayal1, 2, 
and Daniel Barnard2, 1Department of Aerospace 
Engineering, Iowa State University Ames Iowa 
50011; 2Center for NDE, Iowa State University, 
Ames IA 50011 
 
---This paper presents the investigation of dry 
fibers in thick composites.  Dry fibers can be 
defined as lack of epoxy in localized regions. 
These local regions act as potential defects in 
thick composites under compressive loads and 
act as an initiation point for defects such as 
matrix cracking and delamination.  Detection 
and characterization of dryness in glass/epoxy 
composites, with thickness greater than one inch 
is presented in this paper.  One inch samples 
with dry fibers were fabricated and tested. 
Detection is carried out with the help of air 
coupled ultrasonics in both through transmission 
and singled sided inspection.  To characterize 
the amount of epoxy, time of flight data was 
correlated with density and fiber volume fraction. 
Based on the observations a technique was 
developed for characterization of dryness.  
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5:30 PM 
 
Ultrasonic Scattering Measurements of 
Dispersed Oil Droplets 
---Paul D. Panetta and Leslie Bland, Applied 
Research Associates, Inc., Route 1208 Greate 
Road, Gloucester Point, VA 23062; Grace 
Cartwright, Virginia Institute of Marine Science 
of the College of William & Mary, Williamsburg, 
VA 23187-8795 
 
---To help minimize the effects of oil spills on 
marine environments, chemical dispersants are 
used to disperse the oil in the water column long 
enough to be consumed by naturally occurring 
bacteria.  During the Deepwater Horizon 
incident, 1.1 million gallons of chemical 
dispersant were injected directly into the flowing 
plume of oil and natural gas over 1500 meters 
deep.  Dispersants main effect is to decrease 
the surface tension at the oil-water interface 
causing the oil to form droplets smaller than ~70 
microns so they can remain in the water column. 
Currently the efficacy of aerial applied 
dispersants to treat surface slicks is determined 
by measuring the droplet size decrease using a 
Laser In-Situ Scattering Transmissometer 
(LISST) or by measuring the presence of oil in 
the water column using fluorometers.  
Commercial LISST instruments are limited to 
dilute mixtures, below ~500 ppm.  Fluorometers 
only measure oil concentration; thus they cannot 
identify the dispersed oil which remains in the 
water column to be naturally biodegraded.  
Ultrasonic scattering has a long history with 
sizing particulates and droplets in slurries and 
dispersions.  We have developed ultrasonic 
measurements to size oil droplets dispersed in 
water of varying salinity.  We will report results 
using ultrasonic backscattering and attenuation 
measurements to determine the droplet size of 
Canadian Hebron and other crude oils dispersed 
in water with Corexit 9500.  These 
measurements were performed with a 
dispersant-to-oil-ration (DOR) of 1:20 and 1:50 
on surface slicks at large scale wave tanks at 
Ohmsett test facility and on subsurface releases 
at the SINTEF tower tank respectively.  The 
agreement between the ultrasonic 
backscattering measurements of droplet size 
and the size measured with the LISST at low 
concentrations is quite good.  We will also report 
on results using commercial sonar instruments 
used for imaging and marine acoustic 
instruments typically used to measure current 
speed. 
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SESSION 16 
GUIDED WAVES III 
C. Lissenden and J. Rose, Penn State, Co-Chairpersons 
Chasm Creek AB 
 
 
  8:30 AM SHM of Composite Structures Using Ultrasonic Guided Waves  
---A. Mal and H. Baid, University of California Los Angeles, Mechanical and Aerospace 
Engineering Department; F. Ricci, Aerospace Engineering Department, University of Naples 
“Federico II”, Italy 
 
  8:50 AM Influence of Axial Bends on Low-Frequency Ultrasonic Guided Waves in Hollow Cylinders 
(Pipes) 
---B. Verma, P. Rajagopal, and K. Balasubramaniam, Center for Nondestructive Evaluation, Indian 
Institute of Technology - Madras, Chennai, Tamil Nadu, India 
 
  9:10 AM Preferential Guided Wave Mode Generation and Beam Steering Using Amplitude Controlled 
Transducer Arrays 
---H. Kannajosyula, Qi2 Quest Center, 19823 58th Place South, Kent, WA 98032; C. J. Lissenden 
and J. L. Rose, The Pennsylvania Institute of Technology, Department of Engineering Science and 
Mechanics, University Park, PA 16802 
 
  9:30 AM Field Measurement of Guided Wave Modes in Rail Track 
---P. W. Loveday and C. S. Long, CSIR Material Science and Manufacturing, P. O. Box 395, 
Pretoria, 0001 South Africa 
 
  9:50 AM Local Guided Wavefield Analysis for Characterization of Delaminations in Composites 
---M. D. Rogge and C. A. C. Leckey, NASA Langley Research Center, Nondestructive Evaluation 
Sciences Branch, Hampton, VA, 23681 
 
10:10 AM Break 
 
10:30 AM Higher Harmonic Generation of Guided Waves in Plate: Power Flux Density and 
Synchronism Co-Analysis for Mode Selection 
---Y. Liu, C. J. Lissenden, and J. L. Rose, The Pennsylvania State University, Department of 
Engineering Science and Mechanics, University Park, PA 16802 
 
10:50 AM A Novel Approach of Using the Elastodynamic Reciprocity for Guided Wave Scattering 
Problems 
---H.-D. Phan, Y. Cho1, J. D. Achenbach2, B. Strom2,S. Krishnaswamy2, T. Ju, 1 School of 
Mechanical Engineering, Pusan National University, Jangjeon-dong, Geumjeong-gu, Busan  
609-735, South Korea; 2 Center for Quality Assurance, Northwestern University, Evanston,  
IL 60208 
 
11:10 AM Guided Wave Mode Selection Criteria for Damage Detection in Composite Plates 
---D. A. Yener, C. J. Borigo, and J. L. Rose, The Pennsylvania State University, Engineering 
Science and Mechanics Department, State College, PA 16802 
 
11:30 AM Understanding and Exploiting the Effects of Applied Loads on Ultrasonic Guided Wave 
Structural Health Monitoring 
---J. E. Michaels, T. E. Michaels, X. Chen, and F. Shi, Georgia Institute of Technology, School of 
Electrical and Computer Engineering, Atlanta, GA 30332-0250 
 
12:10 PM Lunch 
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8:30 AM 
 
SHM of Composite Structures Using 
Ultrasonic Guided Waves  
---Ajit Mal and Harsh Baid, Mechanical and 
Aerospace Engineering Department, University 
of California Los Angeles; Fabrizio Ricci,  
Aerospace Engineering Department, University 
of Naples “Federico II”, Italy 
 
---This paper is concerned with the detection 
and characterization of some of the commonly 
occurring defects in composite structural 
components using ultrasonic guided waves 
before they grow to a critical size. Although the 
ultimate objective of this research is the 
development of a reliable structural health 
monitoring system a careful theoretical, 
numerical and experimental analyses are first 
carried out to understand the behavior of the 
guided waves in isotropic and anisotropic plates 
under typical ultrasonic test conditions using 
surface mounted PZT transducers.  The 
theoretical results are compared with those 
obtained from an explicit finite element code for 
their mutual verification, showing excellent 
agreement and validating the use of the 
numerical simulations in more practical models 
where the geometric and material complexities 
present difficulties in the analysis of ultrasonic 
data using theoretical constructs only. A 
methodology for a nearly automatic damage 
identification and localization based on the 
interaction of guided waves with defects in 
composite structural components is then 
presented. The structure is assumed to be 
instrumented with an array of actuators and 
sensors to excite and record the waves 
propagating across the damage zone. A 
damage index, calculated from the measured 
waveforms at each sensor location in a previous 
(reference) state and the current state, is 
introduced as a determinant of structural 
damage. The method is based on the well-
known fact that the characteristics of the 
recorded waveforms are modified by the 
presence of emerging and growing defects in 
the vicinity of the array.  This is particularly true 
for guided waves, which are strongly affected by 
delaminations and other hidden defects in their 
propagation path. The application of the damage 
index techniques is given form different 
structures and materials, including different 
experimental set-up where different sensors and 
waveforms are considered.  
8:50 AM 
 
Influence of Axial Bends on Low-Frequency 
Ultrasonic Guided Waves in Hollow 
Cylinders (Pipes) 
---Bhupesh Verma, Prabhu Rajagopal, and 
Krishnan Balasubramaniam, Center for 
Nondestructive Evaluation, Indian Institute of 
Technology - Madras, Chennai, Tamil Nadu, 
India 
 
---Ultrasonic guided waves in hollow cylinders 
(pipes) are today widely applied as rapid 
screening tools in the inspection of straight pipe 
segments in oil, power generation and 
petrochemical processing industries.  However, 
the characteristics of guided wave propagation 
across features such as bends in the pipe 
network are complicated, hampering a wider 
application of the developed techniques.  
Although a growing number of studies in recent 
years have considered guided wave propagation 
across elbows and U-type bends, the topic is still 
not very well understood for a general bend 
angle φ, mean bend radius R and pipe thickness 
b.  Here we use 3D Finite Element (FE) 
simulation to illumine the propagation of 
fundamental guided pipe modes across bends of 
several different angles φ.  Two different bend 
radius regimes, R/λ ≈ 1 and 10 (where λ denotes 
the wavelength of the mode studied) are 
considered, exemplifying ‘sharp’ and gradual or 
‘slow’ bends.  Different typical pipe thicknesses 
b within these regimes are also studied.  The 
results confirm the expectation that different 
bend radius regimes affect the waves differently.  
Further, while as observed in earlier studies, at 
moderate bend radii, fundamental modes travel 
almost unaffected by an elbow (bend angle φ = 
90 degrees), we find that as the bend angle is 
reduced, there is a progressively larger extent of 
mode-conversion.  These trends and results are 
validated using experiments. 
  
WEDNESDAY, SESSION 16 
- 90 - 
9:10 AM 
 
Preferential Guided Wave Mode Generation 
and Beam Steering Using Amplitude 
Controlled Transducer Arrays 
---Haraprasad Kannajosyula, Qi2 Quest 
Center, 19823 58th Place South, Kent, WA 
98032; Cliff J. Lissenden and Joseph L. Rose, 
The Pennsylvania Institute of Technology, Dept. 
of Engineering Science and Mechanics, 
University Park, PA 16802 
 
---We present a method for preferential 
generation of guided wave modes and beam 
steering using purely amplitude variation across 
a one dimensional linear array of transducers. 
The method is distinct from appodization of 
phased array transducers that involves 
amplitude variation in addition to time delays 
and merely aims to improve the spectral 
characteristics of the transducer. The 
relationship between amplitude variation and the 
pitch of the array is derived by considering the 
resulting transduction as analogous to a spatio-
temporal filter approach. It is also shown 
analytically and through numerical examples 
that the proposed method results in bidirectional 
guided waves when the steering angle is zero. 
Further, for non-zero steering angles, the waves 
travel in four directions, including the desired 
direction. Experimental studies are suggested.  
9:30 AM 
 
Field Measurement of Guided Wave Modes in 
Rail Track 
---Philip W. Loveday and Craig S. Long, CSIR 
Material Science and Manufacturing, P. O. Box 
395, Pretoria, 0001 South Africa 
 
---Guided wave based inspection and monitoring 
systems for railway tracks operate at 
frequencies where as many as 40 modes of 
propagation may exist.  During the development 
of such systems it is necessary to be able to 
measure the amplitude of the individual modes 
of propagation.  This is useful when measuring 
the performance of transducer arrays, mode 
attenuation with distance or mode coupling at 
defects.  The availability of scanning laser 
vibrometer systems has made it possible to 
measure the displacement or velocity at a large 
number of points on the rail surface.  The 
contribution of each mode of propagation may 
be estimated from the measured frequency 
responses by using a pseudo-inverse technique 
and mode shape information computed from a 
semi-analytical finite element model.  Various 
aspects related to performing these 
measurements in the field will be described and 
example measurements at long ranges will be 
presented. 
  
WEDNESDAY, SESSION 16 
- 91 - 
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Local Guided Wavefield Analysis for 
Characterization of Delaminations in 
Composites 
---Matthew D. Rogge and Cara A. C. Leckey, 
NASA Langley Research Center, Nondestructive 
Evaluation Sciences Branch, Hampton, VA, 
23681 
 
---Delaminations resulting from impact damage 
within composite laminates may be 
accompanied by minimal indication of damage 
at the surface.  As such, inspection techniques 
are required to ensure defects are within 
allowable limits.  Conventional ultrasonic 
scanning techniques have been shown to 
effectively characterize the size and depth of 
delaminations but require physical contact with 
the structure.  Alternatively, a noncontact 
scanning laser vibrometer may be used to 
measure guided wave propagation in the 
laminate structure.  A local Fourier domain 
analysis method is presented for processing 
guided wavefield data and estimating 
delamination size.  The technique is applied to 
experimental data obtained in quasi-isotropic 
carbon fiber reinforced polymer (CFRP) 
laminates with impact damage.  In addition, 
simulation results are analyzed to determine 
limitations of the technique with regards to 
determining defect size and depth. 
10:30 AM 
 
Higher Harmonic Generation of Guided 
Waves in Plate: Power Flux Density and 
Synchronism Co-Analysis for Mode 
Selection 
---Y. Liu, C. J. Lissenden, and J. L. Rose, 
Department of Engineering Science and 
Mechanics, The Pennsylvania State University, 
University Park, PA 16802 
 
---A comprehensive analysis for guided wave 
optimum fundamental excitation that satisfies 
accumulative conditions of second harmonic 
generation in an isotropic homogeneous plate 
has been carried out and then validated by FE 
modeling and experiments for selected cases. 
By the perturbation method, the nonlinear wave 
equation is decomposed into the fundamental 
wave field and the secondary wave field. The 
secondary wave field is solved using a normal 
mode expansion (NME). It has been shown that 
the secondary wave field is generated by the 
power flux from the fundamental wave field in 
terms of nonlinear body force and nonlinear 
surface traction, and internal resonance occurs 
for synchronism points with high power flux 
density. The wave structures of the nonlinear 
surface traction and nonlinear body force have 
been investigated. The simulation results agree 
well with theoretical prediction.  A method for 
optimum fundamental excitation has been 
proposed by the co-analysis of power flux 
density and synchronism condition. The 
synchronism points in higher power flux density 
areas are the optimum fundamental excitations 
that are suitable for nonlinear guided wave NDE. 
FE modeling and experiments of SH mode and 
Lamb mode fundamental excitation have been 
conducted on the excitation points selected by 
the co-analysis. A linear increase of qualitative 
nonlinear parameter over the propagation 
distance has been observed for both Lamb wave 
and SH wave experiments. It is also observed 
that the qualitative nonlinear parameter of S1 
fundamental field is larger than that of SH1 
fundamental field at the same excitation point, 
which can be explained by the higher power flux 
from S1 fundamental wave field to the S2 
secondary wave field. 
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10:50 AM 
 
A Novel Approach of Using the 
Elastodynamic Reciprocity for Guided Wave 
Scattering Problems 
---Hai-Dang Phan, Younho Cho1, Jan D. 
Achenbach2, Brandon Strom2,Sridhar 
Krishnaswamy2, Taeho Ju, 1 School of 
Mechanical Engineering, Pusan National 
University, Jangjeon-dong, Geumjeong-gu, 
Busan 609-735, South Korea; 2 Center for 
Quality Assurance, Northwestern University, 
Evanston, IL 60208 
 
---Presented in this paper is a novel idea of 
applying the elastodynamic reciprocity theorem 
to guided wave scattering problems. In general, 
guided wave scattering in solid media involves 
the mode conversions among a number of 
modes which make it more complicate than the 
ones for bulk waves. Consequently, very few 
analytical solutions have been available while 
numerical approaches such as FEM and BEM 
are widely applied. A robust superposition 
technique based on the use of the 
elastodynamic reciprocity enables us to obtain 
guided wave scattering solutions even as closed 
forms in a much more convenient and efficient 
manner over a conventional approach such as 
the Fourier Transformation Technique. 
Comparisons with the conventional technique 
and BEM are also discussed. Surface and the 
Lamb wave interaction with surface corrosions is 
illustrated to show a generality of the present 
concept. It is expected that the present 
approach can be used to establish the 
measurement models of guided wave for POD 
analysis and NDE scheme optimization. 
11:10 AM 
 
Guided Wave Mode Selection Criteria for 
Damage Detection in Composite Plates 
---Devren A. Yener, Cody J. Borigo, and Joseph 
L. Rose, The Pennsylvania State University, 
Engineering Science and Mechanics 
Department, State College, PA 16802 
 
---Ultrasonic guided waves offer many 
advantages for non-destructive evaluation of 
composite laminated plates, but proper mode 
selection and excitation are necessary to ensure 
that the wave will be sensitive to a given type of 
defect.  Our approach to mode selection is 
based on wave structure analysis, in which we 
consider several different sensitivity criteria, 
such as the shear stress or in-plane 
displacement, at each interface of the laminate.  
Dispersion curves were computed for an 
example composite layup, and the displacement 
and stress fields were obtained at each mode-
frequency combination.  A plane-strain finite 
element model was designed in 
ABAQUS/Explicit to simulate wave propagation 
in the presence of delaminations and fiber 
breakages at various layers of the laminate.  
The simulation was run using several mode-
frequency combinations, and the results were 
used to correlate wave structure features with 
defect sensitivity.  Simulation results were 
compared with experimental data from plates 
manufactured with seeded delaminations. 
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Understanding and Exploiting the Effects of 
Applied Loads on Ultrasonic Guided Wave 
Structural Health Monitoring 
---Jennifer E. Michaels, Thomas E. Michaels, 
Xin Chen, and Fan Shi, Georgia Institute of 
Technology, School of Electrical and Computer 
Engineering, Atlanta, GA 30332-0250 
 
---The Air Force Research Laboratory issued a 
broad agency announcement in 2008 on “Health 
Monitoring Sensor and Sensing Development,” 
which resulted in a three year program at the 
Georgia Institute of Technology to both 
understand and exploit the effects of applied 
loads on structural health monitoring (SHM) 
systems employing ultrasonic guided waves.  
This paper presents an overview of this 
program, which was concluded earlier this year.  
In terms of understanding the effects of applied 
loads, the theory of acoustoelasticity was 
applied to Lamb wave propagation at an 
arbitrary angle to an applied biaxial stress field.  
Changes in arrival times of wave packets of 
various modes and frequencies were shown to 
agree well with theory, and these changes were 
then used to estimate the principal stress 
components and orientation of a homogeneous, 
biaxial load.  Although applied loads have many 
similarities to temperature changes, their 
anisotropic nature prevents existing temperature 
compensation methods from being utilized 
during SHM.  Instead, applied loads were 
exploited to better detect and localize fatigue 
cracks by taking advantage of the ability of 
tensile loads to open cracks.  In particular, the 
load-differential imaging method was developed 
to avoid the use of damage-free baselines while 
quantifying crack opening effects caused by a 
small change in tensile load.  Fatigue test results 
are shown to demonstrate both the efficacy and 
pitfalls of these load-differential methods for 
several specimens with varying degrees of 
complexity. 
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SESSION 17 
THERMOGRAPHY AND THERMOSONICS I 
X. Han, Wayne State University, Chairperson 
Grand Mesa Ballroom A 
 
 
  8:30 AM Evolution of Image Processing Methods for Pulsed Thermal Imaging 
---J. Sun, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL, 60439 
 
  8:50 AM Improved Thermographic Characterization of Impact Damage in Composites 
---W. P. Winfree, P. A. Howell, C. A. C. Leckey, K. E. Cramer and M. D. Rogge, NASA Langley 
Research Center, Mail Stop 162, Hampton, VA 23681 
 
  9:10 AM Transient Thermography Testing of Unpainted TBC Surfaces 
---G. Ptaszek and P. Cawley, Imperial College, Mechanical Engineering, London, United Kingdom; 
D. Almond and S. Pickering, University of Bath, Mechanical Engineering, Bath, United Kingdom 
 
  9:30 AM Quantitative Assessment of Crack Detection in Aerospace Engine Disks Using Acoustic 
Thermography Inspection 
---M. D. Bode, Sandia National Laboratories, Airworthiness Assurance NDI Validation Center, 
Albuquerque, NM; F. R. Ruhge, Siemens Power Generation, Inc., Castleberry Labs, Orlando,  
FL 32826 
 
  9:50 AM Damage Threshold Study of Sonic IR Imaging on Carbon-Fiber Reinforced Laminated 
Composite Materials 
---X. Han, Q. He, and D. Zhang, Wayne State University, Department of Electrical and Computer 
Engineering, Detroit, MI 48202 
 
10:10 AM Break 
 
10:30 AM Viscoelastic Absorptive Coatings for Coverage Analysis in Vibrothermography 
---J. S. Vaddi and S. D. Holland, Iowa State University, Center for NDE, 1915 Scholl Road, Ames, 
IA 50011 
 
10:50 AM NDT Applications of Non-Contact Thermosonics 
---Z. Zeng1, N. Tao, L. Feng, and C. Zhang, Department of Physics, Capital Normal University, 
Beijing 100048, China; 1Institute of Physics and Electronic Engineering, Chongqing Normal 
University, 400047, China 
 
11:10 AM Improvements on FEA with a Two-Step Simulation of Experimental Procedures in Turbine 
Blade Crack Detection in Sonic IR NDE 
---D. Zhang and X. Han, Wayne State University, Department of Electrical and Computer 
Engineering, Detroit, MI 48202; G. Newaz, Department of Mechanical Engineering, Wayne State 
University, Detroit, MI 48202; L. D. Favro and R. L. Thomas, Wayne State University, Department 
of Physics and Astronomy, Detroit, MI 48202 
 
11:30 AM Real View Thermography 
---L. Bienkowski and C. Homma, Siemens AG, Corporate Research and Technologies CT T DE 
HW2, Munich, Bavaria, Germany 
 
11:50 AM A Fast Lock-In Infrared Thermography Implementation to Detect Defects in Composite 
Structures Like Wind Turbine Blades 
---A. Manohar and F. L. di Scalea, University of California-San Diego, NDE & SHM Laboratory, 
Department of Structural Engineering, La Jolla, CA 92093 
 
12:10 PM Lunch 
WEDNESDAY, SESSION 17 
 - 95 - 
8:30 AM 
 
Evolution of Image Processing Methods for 
Pulsed Thermal Imaging 
---Jiangang Sun, Argonne National Laboratory, 
9700 South Cass Avenue, Argonne, IL, 60439 
 
---Pulsed thermal imaging is a commonly used 
infrared thermal imaging technology for 
nondestructive evaluation of engineering 
materials.  It provides a complete interrogation 
and therefore a potentially complete 
quantification of the thermal properties of a test 
material.  Two distinct approaches have been 
followed in the development of data/imaging 
processing methods: one for material property 
measurement and the other for flaw or 
discontinuity detection.  For property 
measurement, theoretical models for one- and 
multi-layer materials are used to determine 
thickness-averaged material properties.  For 
discontinuity detection, various image-
processing methods are developed to enhance 
and extract the thermal contrast induced by 
subsurface discontinuities.  These methods are 
usually based on the evaluation of the surface 
temperature contrast and its derivative, or simply 
the temperature derivatives, in the time domain 
or on the decomposition of the imaging data by 
orthogonal base functions such as Fourier series 
(pulsed phase thermography) and 
eigenfunctions (principal component 
thermography). These methods may determine 
flaw characteristics such as size and depth, but 
are not suitable for material property 
measurement. Recently a thermal tomography 
method was developed that can resolve the 
volumetric distribution of material’s thermal 
property (effusivity).  It therefore combines and 
extends the two distinct approaches into a 
unified approach to be used for quantitative 
material-property imaging.  In this paper we will 
discuss the evolution of these methods and 
compare their performance for analyzing typical 
material systems.  Their theoretical and practical 
limitations in terms of detection sensitivity and 
spatial resolution will also be discussed. 
8:50 AM 
 
Improved Thermographic Characterization of 
Impact Damage in Composites 
---William P. Winfree, Patricia A. Howell, Cara 
A. C. Leckey, K. Elliott Cramer and Matthew D. 
Rogge, NASA Langley Research Center, Mail 
Stop 162, Hampton, VA 23681 
 
---Impact damage in thin polymer matrix graphite 
fiber composites often results in a relatively 
small region of damage at the front surface, with 
increasing damage near the back surface. 
Conventional methods for reducing the pulsed 
thermographic responses of the composite tend 
to underestimate the size of the back surface 
damage, since the smaller near surface damage 
gives the largest thermographic indication. A 
method is presented for reducing the 
thermographic data to produce an estimated 
size for the impact damage that is much closer 
to the size of the damage estimated from other 
NDE techniques such as microfocus x-ray 
computed tomography and pulse echo 
ultrasonics. Examples of the application of the 
technique to experimental data acquired on 
specimens with impact data are presented. The 
technique is also applied to the results of 
thermographic simulations to investigate the 
limitations of the technique. 
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Transient Thermography Testing of 
Unpainted TBC Surfaces 
---Grzegorz Ptaszek and Peter Cawley, 
Imperial College, Mechanical Engineering, 
London, United Kingdom; Darryl Almond and 
Simon Pickering, University of Bath, Mechanical 
Engineering, Bath, United Kingdom 
 
---Transient thermography can be used for the 
detection of disbonds in thermal barrier coating 
(TBC) systems. However, testpiece surfaces are 
usually coated with a black, energy absorbing 
paint before the transient thermography test is 
carried out. Unfortunately, this practice is not 
acceptable to some turbine blade manufacturers 
since thermal barrier coatings are porous so the 
paint is difficult to remove. Unpainted TBC 
surfaces have very low emissivity, and after 
service their colour can be uneven. The low 
emissivity gives low signal levels and also 
problems with reflections of the incident heat 
pulse, while the variation in emissivity over the 
surface gives strong variation in the contrast 
obtained even in the absence of defects. This 
paper has investigated the effects of uneven 
discolouration of the surface and of IR 
translucency on the thermal responses observed 
by using mid and long wavelength IR cameras. It 
has been shown that unpainted blades can be 
tested satisfactorily by using a more powerful 
flash heating system and a long wavelength IR 
camera. The problem of uneven surface 
emissivity can be overcome by applying 2nd 
derivative processing of the log-log surface 
cooling curves. 
9:30 AM 
 
Quantitative Assessment of Crack Detection 
in Aerospace Engine Disks using Acoustic 
Thermography Inspection 
---M. D. Bode, Sandia National Laboratories, 
Airworthiness Assurance NDI Validation Center, 
Albuquerque, NM; Forrest R. Ruhge, Siemens 
Power Generation, Inc., Castleberry Labs, 
Orlando, FL 32826 
 
---Siemens Power Generation, Inc. conducted a 
two-year research project to demonstrate to the 
Federal Aviation Administration (FAA) the 
applicability of the Siemens Acoustic 
Thermography (SIEMAT®) nondestructive 
evaluation (NDE) technology.  SIEMAT is 
Siemen’s aerospace version of the sonic 
IR/acoustic thermography inspection technique 
used to inspect gas turbine disks and blades in 
the power generation industry.  Sandia National 
Laboratories’ Airworthiness Assurance NDI 
Validation Center (AANC) performed a 
quantitative reliability assessment of the ability 
of the SIEMAT inspection system to find cracks 
in aerospace gas turbine engine disks.  Retired 
gas turbine engine disks were acquired from 
Delta Air Lines and used to evaluate the 
capability of the inspection system.  In one case 
cracks were grown in a disk, and in another 
case existing cracks were extensively 
characterized and used to derive a probability of 
detection (POD) curve.  False call rates were 
also examined, as were implementation issues. 
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Damage Threshold Study of Sonic IR 
Imaging on Carbon-Fiber Reinforced 
Laminated Composite Materials 
---Xiaoyan Han, Qi He, and Ding Zhang, Wayne 
State University, Department of Electrical and 
Computer Engineering, Detroit, MI 48202 
 
---Sonic Infrared Imaging, as a young NDE 
technology, has drawn a lot of attentions due to 
its fast, wide-area evaluation capability, and due 
to its broad applications in different materials 
such as metal/metal alloy, composites and 
detection of various types of defects: surface, 
subsurface, cracks, delaminations/disbonds.  
Sonic IR Imaging combines pulsed ultrasound 
excitation and infrared imaging to detect defects 
in materials.  The sound pulse causes rubbing 
due to non-unison motion between faces of 
defects, and infrared sensors image the 
temperature map over the target to identify 
defects.  However, concerns have also been 
brought up about possible damages which might 
occur rise at the contact spots between the 
ultrasound transducer from the external 
excitation source and the target materials.  In 
this paper, we like to present our results from a 
series of systematically designed experiments 
on carbon-fiber reinforced laminated composite 
panels to address the concerns. 
10:30 AM 
 
Viscoelastic Absorptive Coatings for 
Coverage Analysis in Vibrothermography 
---Jyani S. Vaddi and Stephen D. Holland, Iowa 
State University, Center for NDE, 1915 Scholl 
Road, Ames, IA 50014 
 
---Vibrothermography is a nondestructive 
evaluation technique for finding cracks in 
materials.  The specimen is subjected to high 
amplitude excitation and the frictional heat 
generated by the rubbing crack faces is imaged 
with an infrared camera.  The crack heating is 
controlled by the vibrational strain in the 
specimen.  When a specimen is vibrated, the 
strain and hence the probability of detection 
(POD) vary spatially across its surface according 
to the pattern of resonances excited.  We show 
that viscoelastic polymer adhesives can be used 
to measure the vibrational strain distribution 
across the specimen surface.  The viscoelastic 
polymer is absorptive and it transduces 
vibrational energy into heat according to the loss 
modulus (imaginary part of the Young's 
modulus).  When such a polymer is applied to 
the specimen surface and vibrated, the 
dissipated heat, as imaged with the infrared 
camera, represents the strain intensity across 
specimen surface.  Given a model that predicts 
POD as a function of crack length and strain, we 
can transform the thermal image of strain 
intensity into a map of minimum detectable 
crack length for a desired POD condition (e.g. 
90/95 confidence bounds).  In essence, we 
calibrate detectable crack lengths.  This method 
generates quantitative spatial coverage analysis 
for vibrothermography.---This Material is based 
upon work supported by the Air Force Research 
Laboratory under Contract #FA8650-04-C-5228 
at Iowa State University’s Center for 
Nondestructive Evaluation. 
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NDT Applications of Non-Contact 
Thermosonics 
---Zhi Zeng1, Ning Tao, Lichun Feng, and Cunlin 
Zhang, Department of Physics, Capital Normal 
University, Beijing 100048, China; 1Institute of 
Physics and Electronic Engineering, Chongqing 
Normal University, 400047, China 
 
---Thermosonics or SonicIR has been proven an 
effective NDT method, in which ultrasonic 
welding horn is pushed against the tested 
sample under certain force through a piece of 
coupling material. Due to the mechanical contact 
between horn and sample, it may damage the 
contacted surface, especially for some brittle or 
fragile samples. In this study, the conventional 
horn in a small size was replaced by a much 
bigger horn to avoid the direct contact of horn 
with the sample. The tested sample could be 
positioned up to several centimeters away from 
the bottom or beside of the horn, heat is 
generated at the defect location under the 
excitation of ultrasonic field, its heating 
mechanism is similar with contact thermosonics, 
the infrared camera could be positioned 
wherever is convenient to monitor the variation 
of the surface temperature. The presented 
experimental results show that the non-contact 
thermosonics has some potential in NDT 
application. 
11:10 AM 
 
Improvements on FEA with a Two-Step 
Simulation of Experimental Procedures in 
Turbine Blade Crack Detection in Sonic IR 
NDE 
---Ding Zhang and Xiaoyan Han, Department of 
Electrical and Computer Engineering, Wayne 
State University, Detroit, MI 48202; Golam. 
Newaz, Department of Mechanical Engineering, 
Wayne State University, Detroit, MI 48202; 
Lawrence D. Favro and Robert L. Thomas, 
Department of Physics and Astronomy, Wayne 
State University, Detroit, MI 48202 
 
---In last year’s QNDE conference, we showed 
our work on modeling turbine blade crack 
detection in Sonic Infrared (IR) Imaging with a 
method of creating flat crack surface in finite 
element analysis (FEA).  This modeling has 
been carried out continuously as part of model-
assisted study on crack detection in aircraft 
engine turbine blades.  We have presented that 
Sonic IR Imaging NDE is a viable method to 
detect defects in various structures.  It combines 
ultrasound excitation for frictional heating in 
defects and infrared imaging to sense this 
heating, and thus to identify the defects.  It is a 
fast wide-area imaging technology.  It only takes 
a second to image a large area of a target 
sample.  When an aircraft is in flight, the turbine 
engine blades operate under high temperature 
and high cyclic stresses.  Thus, fatigue cracks 
can form after many hours of operation.  Sonic 
IR Imaging can be used to detect such cracks.  
However, we still need to better understand 
contributions of parameters/factors in the crack 
detection process with Sonic IR Imaging.  FEA 
modeling can help us to reveal certain aspects 
through the data it produces where experimental 
work cannot achieve.  Upon the model we 
presented last year, a two-step simulation 
process was designed to simulate the important 
aspects in our experiments.  These include a 
newly designed model for the ultrasound 
transducer which delivers mechanical energy to 
the sample and the implementation of static 
force while engaging the transducer to the 
sample.  In this paper, we will present the ideas 
and the results from the new model.---This work 
is sponsored partly by the Air Force (supervised 
by the Program Manager Siamack Mazdiyasni at 
WPAFB ) through Prime Contract #FA8650-10-
D-5210, Task Order 0001 to UTC, Subcontract 
#10-S7101-01-C1, and partly by Wayne State 
University.   
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Real View Thermography 
---Lukas Bienkowski and Christian Homma, 
Siemens AG, Corporate Research and 
Technologies CT T DE HW2, Munich, Bavaria, 
Germany 
 
---The result of the thermography inspection is 
available directly after the measurement and can 
be viewed on a computer screen.  However a 
comparison between the result image and the 
real specimen can only be done indirectly.  For 
this reason a reliable analysis of the results is 
often cumbersome.  We propose a Real-View 
Thermography system with a video projector 
using the specimen as a non-planar projection 
surface.  The thermography result image is 
dynamically adjusted to the size as well as pose 
of the specimen which allows projecting the 
result onto it, so that the projection perfectly 
merges with the object features.  Two scenarios 
are covered by our system: 1 The specimen is 
fixed in the inspection equipment and not 
moveable.  To avoid any parallax error the IR 
camera and video projector have the same 
optical axis using a beam splitter.  Therefore no 
deformation of the image prior to the projection 
is required.  2 The specimen can be moved with 
six degrees of freedom within a confined 
workspace.  The position of the object is 
continuously tracked, so a pose matrix is 
available at any time.  With help of this data a 
geometrical correction and thus a proper 
projection in real-time is possible. 
11:50 AM 
 
A Fast Lock-In Infrared Thermography 
Implementation to Detect Defects in 
Composite Structures Like Wind Turbine 
Blades 
---Arun Manohar and Francesco Lanza di 
Scalea, NDE & SHM Lab, Department of 
Structural Engineering, University of California, 
San Diego, La Jolla, CA 92093 
 
---Localization of defects using Infrared 
Thermography is a critical problem in wind 
turbine blades.  Infrared Thermography offers 
significant advantages over other 
Nondestructive Testing modalities due to wide-
area inspection capabilities.  Lock-in 
Thermography is an ideal method for defect 
detection due to the presence of deep-lying 
defects in wind turbine blades, which otherwise 
go undetected.  Raw thermal data is 
preprocessed using approximate techniques to 
remove the constant temperature slope, 
following which Zoom FFT is used to 
significantly speed up the Lock-In analysis.  A 
six-fold speedup is observed as a result.  The 
Lock-In process yields Phase and Amplitude 
images at each frequency.  The Phase images 
are tolerant to surface irregularities and non-
uniform heating.  The Phase images obtained at 
each defect location is subjected to Multivariate 
Outlier Analysis to identify outliers.  This 
enhances the detectability of the defect which is 
quantified using Receiver Opera  tor 
Characteristic (ROC) curves.  Results are 
presented on a set of 21 defects present in a 9m 
CX-100 wind turbine blade that was designed by 
the Sandia National Laboratory.  
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SESSION 18 
AUTOMATION AND SCANNING ADVANCES 
C. Buynak, Air Force Research Lab, Chairperson 
Grand Mesa Ballroom C 
 
 
  8:30 AM Evolution of Automation to Support Large Area NDE Applications 
---D. D. Palmer1, N. L. Wood2, and S. E. Black2, 1Boeing Research & Technology, Support & 
Services Technology , St. Louis, MO 63166; 2Boeing Defense, Space & Security, Global Services 
& Support, St. Louis, MO 63166 
 
  9:10 AM An Implementation of a Large Composite Multi-Discipline Scanner for Composite Inspection 
---E. R. Burke and J. Seebo, National Aeronautics and Space Administration (NASA), Hampton,  
VA 23681 
 
  9:30 AM Autonomous NDI for Aircraft Structural Inspection 
---G. Georgeson, K. Nelson, J. Troy, and S. Lea, Boeing Research & Technology, Support 
Technology, Seattle, WA 98124 
 
  9:50 AM "NDT System Mechatronics" Basic Machine Building Techniques for High Quality Machines 
---D. J. Higginbotham and R. C. McCarthy, Marietta NDT Inc.- NDT Systems Integrator, Marietta, 
GA 30060 
 
10:10 AM Break 
 
10:30 AM Advanced Acoustic Microscopy – Advances in NDT Instrumentation 
---H. Polu, OKOS Solutions, 4429 Brookfield Corporate Drive, #300, Chantilly, VA 20151 
 
10:50 AM Advances in Inspection Automation 
---W. Weber, D. Mair, D. Jansen, G. Hwang, and L. Lombardi, UTEX Scientific Instruments Inc., 
Mississauga, Ontario, Canada 
 
11:10 AM Portable Automated Imaging in Complex Ceramics with a Microwave Interference Scanning 
System 
---R. M. Goitia, K. F. Schmidt, Jr., and J. R. Little, Jr., Evisive, Inc., Baton Rouge, LA 70808;  
W. A. Ellingson, ERC Company, Indianapolis, IN 46201; W. H. Green, Army Research Laboratory, 
Aberdeen Proving Ground, MD 21005; L. P. Franks, U.S. Army Tank Automotive Research 
Development and Engineering Center, Warren, MI 48088 
 
11:30 AM Adjourn Session 
 
12:10 PM Lunch 
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Evolution of Automation to Support Large 
Area NDE Applications 
---D. D. Palmer1, N. L. Wood2, and S. E. Black2, 
1Boeing Research & Technology, Support & 
Services Technology , St. Louis, MO 63166; 
2Boeing Defense, Space & Security, Global 
Services & Support, St. Louis, MO 63166 
 
---Over the past 30 years, automation has been 
taking on added importance relative to 
nondestructive evaluation (NDE), especially in 
the aerospace sector. This is true from both 
manufacturing and in-service support 
standpoints. From a manufacturing perspective, 
the introduction of composite materials and 
structures ushered in additional inspection 
criteria that required large area coverage. As the 
use of composites has become standard 
practice and the percentage of composite 
airframe structures has steadily increased, the 
development of higher-speed automated 
inspection processes has become paramount in 
reducing the cost of quality and meeting 
stringent production rate schedules. From an in-
service perspective, automation of NDE 
processes has helped reduce the inspection 
burden associated with increasing inspection 
requirements due to aircraft aging. In-service 
inspections have gone beyond point-to-point 
inspections at specific locations looking for 
fatigue cracks. With concerns about corrosion, 
widespread fatigue damage and stress corrosion 
cracking, large area inspection processes have 
become attractive alternatives in order to keep 
aircraft downtime for inspection to a minimum. 
This presentation will review the history 
associated with automated NDE processes, 
discuss some of the applications that drove the 
needs for automation, and explore some of the 
key technologies involved in automated system 
successes and take a quick look at future 
directions for automated NDE system 
technology. 
 
9:10 AM 
 
An Implementation of a Large Composite 
Multi-Discipline Scanner for Composite 
Inspection 
---Eric R. Burke and Jeff Seebo, National 
Aeronautics and Space Administration (NASA), 
Hampton, VA 23681 
 
---In preparation for the possibility of 
implementation of large scale composite 
structures on future space craft NASA LaRC has 
begun to design and build prototype semi-
portable large scale scanners capable of 
implementing multiple inspection technologies. 
The current scanner has a working envelope of 
approximately 96”x72” and is capable of 
performing non-immersion focused ultrasound, 
coordinated flash thermography and eddy 
current scanning. Future implementations will 
include terahertz and line scan thermography as 
well. Inspections are performed in series and all 
inspections are tied to a uniform coordinate 
system making data registration and fusion 
possible. This scanner was designed with infinite 
expandability in mind as well as a modular 
structure that would allow for break down for 
convenient shipping. With the increase scan size 
the amount of data that needs to be collected 
and analyzed also increases expediently. 
Several high speed algorithms and data analysis 
techniques are also being put into places using 
highly parallelized analysis routines. 
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Autonomous NDI for Aircraft Structural 
Inspection 
---Gary Georgeson, Karl Nelson, Jim Troy, and 
Scott Lea, Boeing Research & Technology, 
Support Technology, Seattle, WA 98124 
 
---In-service aircraft structure, such as fuselage 
or wing skins, experience damage or 
degradation during their lifetime.  Instrument-
based Nondestructive Inspection (NDI) is 
generally mandated to quantify the damage and 
determine the appropriate maintenance 
response.  Currently, the NDI methods utilized 
for in-service structural inspection are mostly 
hand-held, particularly for commercial aircraft. 
These methods are labor-intensive, time-
consuming, and provide minimal, if any, long-
term tracking capability for features or damage. 
NDI scanning systems, like the Boeing MAUS 
(Mobile Automated Scanner) are utilized at the 
military depot or MRO (Maintenance, Repair & 
Overhaul) level. While these provide obvious 
improvements in inspection speed and data 
quality, they still require significant human 
activity for scanner attachment/detachment and 
movement, and personnel lift positioning for 
access to the structure.  Autonomous NDI 
(AuNDI) is a new approach to NDI, were robotic 
crawlers replace current methods of system and 
sensor placement and scanning. The goal of 
AuNDI is eliminating the human interaction in 
the data collection process, and eventually, the 
analysis process as well. AuNDI has the 
potential to reduce labor costs and inspection 
times, provide improved data quality, and 
support ongoing maintenance management. It 
also ensures a safer working environment for 
inspection personnel and reduces the potential 
for damage to the aircraft during inspection.  
Boeing is currently developing AuNDI 
technologies to address current and future 
commercial and military aircraft inspection 
needs. This presentation will describe the 
general elements that go into an AuNDI system, 
and reveal the progress and lessons learned on 
a specific Boeing AuNDI program. 
9:50 AM 
 
"NDT System Mechatronics" Basic Machine 
Building Techniques for High Quality 
Machines 
---Daryle J. Higginbotham and Ryan C. 
McCarthy, Marietta NDT Inc.- NDT Systems 
Integrator, Marietta, GA 30060 
 
---Although there have been many advances in 
ultrasonic instruments, x-ray detectors and eddy 
current equipment over the past 10 years, all of 
these inspection methods still require properly 
designed and manufactured mechatronics for 
reliable and repeatable automated inspection 
results.  Buyers and users need to have a better 
understanding of the importance of a properly 
designed and manufactured machine.  Machine 
specifications must be tailored to the 
requirements of the inspection.  This 
presentation will outline the key components 
required for a quality automated testing system. 
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10:30 AM 
 
Advanced Acoustic Microscopy – Advances 
in NDT Instrumentation 
---Hari Polu, OKOS Solutions, 4429 Brookfield 
Corporate Drive, #300, Chantilly, VA 20151 
 
---Counterfeit detection in electronic parts is a 
growing need for suppliers, distributors and end-
users. Acoustic Microscopy is an effective 
inspection tool with multiple techniques for 
detecting counterfeit parts. Acoustic Microscope 
can detect and measure delaminations, 
disbonds, die orientation, die size, etc. non-
destructively. This data can be correlated to 
other destructive techniques if operating in 
advanced FA mode, or marked for pass/fail if 
other functional tests are positive. SAM can help 
in developing trends at various stages of 
counterfeit detection.  SAM will help answer: 
Does a part have delamination?  Where is the 
delamination?  How severe is the delamination? 
Does die shape and size match specification? 
Does the entire lot of parts have the same 
internal layout?  In SAM, traditionally time 
domain measurements such as scopes, A-scans 
and flaw detectors were used for defect 
detecting based on the simple theory that a flaw 
significantly affected the shape, amplitude 
and/or travel attributes of the ultrasonic signal. 
As frequencies moved significantly higher and 
materials became thinner and stacked with 
different layers, these measurement techniques 
started showing some limitations. Borrowing 
advanced processing from medical and 
astronomical sciences, OKOS engineers 
implemented new techniques to extract 
additional information from the familiar RF 
ultrasonic signal and present the data in a 
familiar image format with areas marked as 
good or delaminated. 
10:50 AM 
 
Advances in Inspection Automation 
---Walter Weber, Douglas Mair, Dion Jansen, 
Germain Hwang and Luciano Lombardi, UTEX 
Scientific Instruments Inc., Mississauga, Ontario, 
Canada 
 
---This new session at QNDE reflects the 
growing interest in inspection automation.  Our 
paper describes a newly developed platform that 
makes complex NDE automation possible 
without the need for software programmers.  
Inspection tasks that are tedious, error-prone or 
impossible for humans to perform can now be 
automated using a form of drag and drop visual 
scripting.  Our work attempts to rectify the 
problem that NDE is not keeping pace with the 
rest of factory automation.  Outside of NDE, 
robots routinely and autonomously machine 
parts, assemble components, weld structures 
and report progress to corporate databases.  By 
contrast, components arriving in the NDT 
department typically require manual part 
handling, calibrations and analysis.  The 
automation examples in this paper cover the 
development of a non-contact billet follower and 
the use of adaptive contour following on the 
NRU reactor at Chalk River. 
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11:10 AM 
 
Portable Automated Imaging in Complex 
Ceramics with a Microwave Interference 
Scanning System 
---Ryan M. Goitia, Karl F. Schmidt, Jr., and Jack 
R. Little, Jr., Evisive, Inc., Baton Rouge, LA 
70808; William A. Ellingson, ERC Company, 
Indianapolis, IN 46201; William H. Green, Army 
Research Laboratory, Aberdeen Proving 
Ground, MD 21005; Lisa P. Franks, US Army 
Tank Automotive Research Development and 
Engineering Center, Warren, MI 48088 
 
---An improved portable microwave 
interferometry system has been automated to 
permit rapid examination of components with 
minimal operator attendance.  Functionalities 
include stereo and multiplexed, frequency-
modulated at multiple frequencies, producing 
layered volumetric images of complex ceramic 
structures.  The technique has been used to 
image composite ceramic armor and ceramic 
matrix composite components, as well as other 
complex dielectric materials.  The system 
utilizes Evisive Scan microwave interference 
scanning technique.  Validation tests include 
artificial and in-service damage of ceramic 
armor, surrogates and ceramic matrix composite 
samples.  Validation techniques include micro-
focus x-ray and computed tomography imaging.  
The microwave interference scanning technique 
has demonstrated detection of cracks, interior 
laminar features and variations in material 
properties such as density.  The image yields 
depth information through phase angle 
manipulation, and shows extent of feature and 
relative dielectric property information.  It 
requires access to only one surface, and no 
coupling medium.  Data are not affected by 
separation of layers of dielectric material, such 
as outer over-wrap.  Test panels were provided 
by the US Army Research Laboratory, and the 
US Army Tank Automotive Research, 
Development and Engineering Center 
(TARDEC), who with the US Air Force Research 
Laboratory have supported this work. 
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SESSION 19 
NDE FOR MICROSTRUCTURE AND NEW ANALYSIS TECHNIQUES 
A. Lasseigne (G2MT) and D. Olson (Colorado School of Mines), Co-Chairpersons 
Grand Mesa Ballroom B 
 
  8:30 AM Modeling Ultrasonic Noise and Attenuation in Elongated Duplex Polycrystalline Materials 
---V. Dorval, L. Ganjehi, S. Chatillon, and F. Jenson, CEA LIST, Gif-sur-Yvette, France 
 
  8:50 AM Evaluation of Microstructural Damage and Alteration of Polytypes to Determine the Aging of 
Silicon Containing Materials for Generation IV Nuclear Reactor 
---T. W. Koenig2, L. Meshi1, Z. Foxman1, J. L. Riesterer3, J. R. Kennedy3, A. Landau1,  
B. Mishra2, and D. L. Olson2, 1Ben-Gurion University of the Negev at Beer-Sheva, P.O.B. 653 Beer-
Sheeva, 84105 Israel; 2Department of Metallurgical and Materials Engineering, Colorado School of 
Mines, Golden, CO 80401; 3Advanced Test Reactor, Idaho National Laboratory, Idaho Falls, ID 
83415 
 
  9:10 AM Assessment of Microstructural Changes of Isothermal Aged AISI 316L Stainless Steel using Bulk 
Wave 
---H.-H. Kim, S.-J. Song, and H.-J. Kim, Sungkyunkwan University, Suwon, Korea 
 
  9:30 AM Evaluating Duplex Microstructures in Railroad Wheels with Diffuse Ultrasonic Backscatter 
---H. Du and J. A. Turner, Mechanical and Materials Engineering Department, University of Nebraska-
Lincoln, Lincoln, NE 68588; C. Lonsdale, J. Oliver, and B. M. Wilson, Amsted Rail,  
311 South Wacker Drive, Suite 5300, Chicago, IL 60606 
 
  9:50 AM Quantitative Assessment of Thermal Diffusion Using NDE 
---C. T. Howard, E. A. Pfeif, J. Porter, B. Mishra, and D. L. Olson, Colorado School of Mines, Golden, CO 
80401 
 
10:10 AM Break 
 
10:30 AM Scattered Wave Patterns from Nonlinear Noncollinear Ultrasonic Wave Interactions 
---J. N. Potter and A. J. Croxford, University of Bristol, Department of Mechanical Engineering, Bristol, 
United Kingdom 
 
10:50 AM Could Non-Destructive Methodologies Enhance the Microbiologically Influenced Corrosion (MIC) 
in Pipeline Systems? 
---F. Al-Abbas2, A. Kakpovbia1, B. Mishra2, D. L. Olson2, and J. Spear3, 1Inspection Department, Saudi 
Aramco, Dhahran, Saudi Arabia; 2Department of Metallurgical and Materials Engineering; 3Department of 
Civil Eng. and Env. Science, Colorado School of Mines, Golden, CO 80401 
 
11:10 AM Contribution of Double Scattering in Ultrasonic Backscatter Measurements 
---P. Hu, J. A. Turner, and C. M. Kube, University of Nebraska-Lincoln, Department of Mechanical and 
Materials Engineering, Lincoln, NE 68588 
 
11:30 AM Utilization of Computational Modeling to Enhance NDE Experimental Assessment of High 
Temperature Corrosion Damage of Surface and Near Surface Furnace/Reactor Structural Material 
---W. Alharbi1, G. D. Meegan2, B. Mishra3, D. L. Olson3, 1Materials & Corrosion Section (MCS), SABIC 
Technology Center – Jubail (STC-J), Saudi Basic Industries Corporation (SABIC), P. O.  
Box 11669 Jubail Industrial City, Saudi Arabia; 2Rocky Mountain Division, Applied Research Associates, 
Littleton, CO 80127; 3Department of Metallurgical and Materials Engineering,  
Colorado School of Mines, Golden, CO 80401 
 
11:50 AM Characterization of the Magnetic Micro- and Nanostructure in Unalloyed Steels by Magnetic Force 
Microscopy 
---L. Batista1, U. Rabe2, and S. Hirsekorn1, 1Fraunhofer Institute for Nondestructive Testing (IZFP), 
Saarbrücken, Germany; 2University of the Saarland LZPQ, Saarbrücken, Germany 
 
12:10 PM Lunch 
WEDNESDAY, SESSION 19 
 - 106 - 
8:30 AM 
 
Modeling Ultrasonic Noise and Attenuation 
in Elongated Duplex Polycrystalline Materials 
---Vincent Dorval, Lili Ganjehi, Sylvain 
Chatillon, and Frederic Jenson, CEA LIST, Gif-
sur-Yvette, France 
 
---Ultrasonic nondestructive testing can be 
affected by the interaction between ultrasonic 
waves and the polycrystalline microstructure of 
metals.  This interaction leads to structural noise 
and attenuation, which can cause significant 
losses in detection performances.  Taking these 
phenomena into account in UT simulation can 
help designing suitable inspection procedures.  
We use a two steps method to simulate the 
signals recorded in such inspections.  The first 
step consists in determining attenuation laws 
and averaged scattering coefficients.  They are 
computed as a function of the geometrical and 
elastic properties of the microstructure, using a 
single scattering model based on the Born 
approximation.  This model has been developed 
for various kinds of microstructures, including 
duplex and elongated polycrystals.  In the 
second step, a set of scatterers is randomly 
generated with characteristics issued from the 
previous step.  The response of this distribution 
of scatterers is then calculated using the existing 
beam computation model of the CIVA software.  
We present an example of application of the 
method to a duplex material with elongated 
grains.  Simulated results are discussed and 
compared with experimental measurements. 
8:50 AM 
 
Evaluation of Microstructural Damage and 
Alteration of Polytypes to Determine the 
Aging of Silicon Containing Materials for 
Generation IV Nuclear Reactor 
---T. W. Koenig2, L. Meshi1, Z. Foxman1, J. 
L. Riesterer3, J. R. Kennedy3, A. Landau1, 
B. Mishra2, and D. L. Olson2, 1Ben-Gurion 
University of the Negev at Beer-Sheva, 
P.O.B. 653 Beer-Sheeva, 84105 Israel; 
2Department of Metallurgical and Materials 
Engineering, Colorado School of Mines, 
Golden, CO 80401; 3Advanced Test 
Reactor, Idaho National Laboratory, Idaho 
Falls, ID 83415 
 
---Irradiated silicon carbide exhibits higher 
carrier content but a decrease in conductivity 
with increased irradiation. It was theorized that 
this was due to structural damage due to 
irradiation. This theory was supported by the fact 
that non-irradiated 50µm thick SiC is transparent 
for visible light and the higher the irradiation 
dose, the material of the same thickness 
became less transparent. However, changes in 
microscopy and polyforms observed by 
Transmission Electron Microscopy in SiC due to 
irradiation were minor. Although existence of 
different polymorphs of SiC was documented, 
direct proof of the proposed theory has not yet 
been achieved. 
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9:10 AM 
 
Assessment of Microstructural Changes of 
Isothermal Aged AISI 316L Stainless Steel 
using Bulk Wave 
---Hun-Hee Kim, Sung-Jin Song, and Hak-Joon 
Kim, Sungkyunkwan University, Suwon, Korea 
 
---STS 316L austenitic stainless steel is widely 
used as structural material of high temperature 
thermoelectric power plants since the STS316L 
have excellence in mechanical properties. 
However, creep damage is generated in these 
components which were operated under the 
high temperature and high pressure 
environment. Isothermal damage (creep or 
creep-fatigue) is one of the major causes of 
early breakage or failure of power plants. Thus, 
a technique for nondestructive measurement of 
isothermal damage is necessary to insure 
reliability of power plants.  So, in this study, we 
evaluated the isothermal damaged STS 316L 
austenitic stainless steel by measuring 
attenuation of ultrasound and sound velocity, 
since attenuation and sound velocity show good 
relations with grain size, precipitations. Thus, 
from the measured ultrasonic parameters 
(attenuations and sound velocities) and 
metallographic data, we investigate the relations 
between the ultrasonic parameters and the 
material properties (grain size and area fraction 
of precipitations) of the isothermal damaged 
STS 316L austenitic stainless steel specimens. 
9:30 AM 
 
Evaluating Duplex Microstructures in 
Railroad Wheels with Diffuse Ultrasonic 
Backscatter 
---Hualong Du and Joseph A. Turner, 
Mechanical and Materials Engineering 
Department, University of Nebraska-Lincoln, 
Lincoln, NE 68588; Cameron Lonsdale, John 
Oliver, and Brent M. Wilson, Amsted Rail, 311 
South Wacker Drive, Suite 5300, Chicago, IL 
60606 
 
---The performance of railroad wheels, as with 
all metallic components, is governed in large 
part by the microstructure of the base material 
from which the component is manufactured.  In 
this presentation, diffuse ultrasonic backscatter 
techniques are discussed with respect to their 
use for monitoring the microstructure of railroad 
wheels as a result of the manufacturing process. 
To improve the properties of the tread surface 
the wheel is quenched, a process which 
transforms the initial phase to a pearlite phase 
with a lamellar duplex microstructure within 
grains. A diffuse ultrasonic backscatter model is 
developed that includes the duplex 
microstructure through the addition of an 
additional length scale in the two-point spatial 
correlation function. This function defines the 
probability that two randomly chosen points will 
fall into the same grain and/or same crystallite. 
The model clearly shows the dependence of the 
diffuse ultrasonic backscatter signal with respect 
to frequency, average grain size and lamellar 
spacing of the crystallites. Experimental results 
are used to show how the two length scales can 
be extracted from the measurements. The 
spatial variation of the microstructure with 
respect to depth from the quench surface is also 
examined. These diffuse ultrasonic techniques 
are shown to have the sensitivity to deduce the 
duplex microstructure throughout the sample. 
Finally, prospects for use in quality control are 
discussed.---Research supported by Amsted 
Rail, Inc. 
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9:50 AM 
 
Quantitative Assessment of Thermal 
Diffusion Using NDE 
---C. T. Howard, E. A. Pfeif, J. Porter, B. Mishra, 
and D. L. Olson, Colorado School of Mines, 
Golden, CO 80401 
 
---The contribution of thermal gradients to the 
mass transport occurring during advanced 
processing and nanostructured materials 
requires new assessment tools to achieve a 
better understanding of mass transport.  
However, there are a growing number of 
processes in which the influence of the thermal 
gradient on diffusion rates cannot be ignored.  
Laser and spot welding, electropulsing 
processes, combustion synthesis, and shock 
processing are examples of circumstances in 
which large temperature gradients can occur on 
small length scales leading to significant driving 
forces for local mass transport.  The 
mathematical description of thermal diffusion 
(Soret/Dufour effects) is well established, but the 
ability to perform in situ measurement of the 
effect of this driving force needs further 
development.  This presentation is a discussion 
and search of various NDE methods that can 
offer mechanistic insights into the material 
transport effects of thermal diffusion. 
10:30 AM 
 
Scattered Wave Patterns from Nonlinear 
Noncollinear Ultrasonic Wave Interactions 
---Jack N. Potter and Anthony J. Croxford, 
University of Bristol, Department of Mechanical 
Engineering, Bristol, United Kingdom 
 
---A theoretical and experimental study is 
conducted examining the use of noncollinear 
scattering of acoustic waves for the 
determination of material nonlinearity and 
damage precursor detection.  Specifically, the 
scattering of longitudinal waves generated 
through the noncollinear mixing of two shear 
waves is addressed.  Previous studies have 
been limited to the peak amplitude of a resonant 
interaction.  This study extends the existing 
theory to predict the full diffracted wave pattern.  
The separate influence of the linear interaction 
geometry and non-linear material properties on 
the pattern of the scattered wave is identified.  It 
is shown that two of the three third order elastic 
coefficients may be found through an analysis of 
the measured scattered wave pattern.  
Furthermore, the final third order elastic 
coefficient may be measured by combining the 
proposed method with conventional collinear 
harmonic generation. 
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10:50 AM 
 
Could Non-Destructive Methodologies 
Enhance the Microbiologically Influenced 
Corrosion (MIC) in Pipeline Systems? 
---F. Al-Abbas2, A. Kakpovbia1, B. Mishra 2, D. 
Olson2, and J. Spear3, 1Inspection Department, 
Saudi Aramco, Dhahran, Saudi Arabia; 
2Department of Metallurgical and Materials 
Engineering; 3Department of Civil Engineering 
and Environmental Science, Colorado School of 
Mines, Golden, CO 80401 
 
---Stringent corrosion management programs 
are being deployed by oil and gas industry to 
ensure the integrity of pipeline systems.  Parts of 
this program are the corrosion protection 
systems and inspection detection methods 
included non-destructive techniques.  Those 
measures induce remnant magnetic field (RMF) 
in the pipeline steel.  Potentially the RMF could 
effects the corrosion process in the pipeline 
including microbiologically influenced corrosion 
(MIC).  Microorganisms in pipelines have 
surface charges and produce wide verity of 
metabolic products.  Consequently, when they 
will be exposed to RMF generated at the 
linepipe steel surface by the aforementioned 
sources there will be a potential effects.  This 
sequentially will increase the likelihood of biofilm 
formation and hence enhance/promote MIC.  
This study investigates the potential effects of 
RFM on the MIC by sulfate reducing bacteria 
(SRB).  
11:10 AM 
 
Contribution of Double Scattering in 
Ultrasonic Backscatter Measurements 
---Ping Hu, Joseph A. Turner, and Christopher 
M. Kube, University of Nebraska-Lincoln, 
Department of Mechanical and Materials 
Engineering, Lincoln, NE 68588 
 
---Diffuse ultrasonic backscatter measurements 
are used to describe the effective grain 
scattering present during high frequency 
ultrasonic inspections. Accurate modeling of the 
backscatter is important for both flaw detection 
and microstructural characterization. Previous 
models have been derived under the 
assumption of single scattering for which the 
ultrasound is assumed to scatter only once in 
the time between excitation and detection. This 
assumption has been shown to be valid in many 
experiments where the time scales are short or 
the frequency is sufficiently low. However, there 
are also many instances (e.g., for strongly 
scattering materials, unfocused beams, or long 
propagation paths) for which the single 
scattering assumption appears to break down. 
Thus, an estimation of the double scatter would 
provide clarity with respect to the applicability of 
a single scattering model in terms of the 
experimental parameters. In this presentation, a 
model for the double scatter is developed within 
the previous formulation based on the Wigner 
distribution function. The final expression allows 
the double scatter to be estimated for any 
combination of experimental parameters. The 
improved model is anticipated to increase the 
capabilities of ultrasonic microstructural 
evaluation, especially in terms of probability of 
detection estimates. ---Research supported by 
Federal Railroad Administration. 
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11:30 AM 
 
Utilization of Computational Modeling to 
Enhance NDE Experimental Assessment of 
High Temperature Corrosion Damage of 
Surface and Near Surface Furnace/Reactor 
Structural Material 
---W. Alharbi1, G. D. Meegan2, B. Mishra3, 
D. L. Olson3, 1Materials & Corrosion 
Section (MCS), SABIC Technology Center 
– Jubail (STC-J), Saudi Basic Industries 
Corporation (SABIC), P. O. Box 11669 
Jubail Industrial City, Saudi Arabia; 2Rocky 
Mountain Division, Applied Research 
Associates, Littleton, CO 80127; 
3Departement of Metallurgical and 
Materials Engineering, Colorado School of 
Mines, Golden, CO 80401 
 
---This study reports the use of finite 
element modeling, COMSOL, to 
investigate the ultrasonic methods to 
detect much earlier stages of corrosion 
where the indications are limited to 
much more subtle changes in material 
properties due to for example 
carburization or internal oxidation.  The 
propagation and scattering of ultrasonic 
guided waves in a 2-D geometry was 
modeled to study the signal produced by 
near surface second phase growth from 
high temperature chemical reactions in 
reactor/furnace structural materials.  
The modeling is used to allow for better 
experimental design to achieve NDE 
data of mechanistic interpretation of the 
microstructure-mechanical behavior of 
reactor/furnace material during service. 
11:50 AM 
 
Characterization Of The Magnetic Micro- And 
Nanostructure In Unalloyed Steels By 
Magnetic Force Microscopy 
---L. Batista1, U. Rabe2, and S. Hirsekorn1, 
1Fraunhofer Institute for Nondestructive Testing 
(IZFP), Saarbrücken, Germany; 2 University of 
the Saarland LZPQ, Saarbrücken, Germany 
 
---The formation of a cementite phase influences 
significantly the macroscopic mechanical and 
magnetic properties of steels.  Based on a 
correlation between mechanical and magnetic 
properties, mechanical properties as well as the 
morphology and content of the cementite phase 
can be inspected by electromagnetic non-
destructive testing methods.  The influence of 
the carbon content on bulk magnetic properties 
of unalloyed steels is studied on a macroscopic 
scale by hysteresis loop and Barkhausen noise 
measurements.  The micro- and nanostructure is 
investigated by atomic force microscopy and 
magnetic force microscopy.  Surface topography 
images and magnetic images of globular 
cementite precipitates embedded in a ferrite 
matrix are presented.  The size, shape, and 
orientation of the precipitates influence the 
domain configuration.  Applied external 
magnetic fields cause magnetization processes 
mainly in the ferrite matrix:  Bloch walls move 
and are pinned by the cementite precipitates.  
The correlation between the microscopic 
observations and macroscopic magnetic 
properties of the material is discussed. 
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SESSION 20 
THERMOGRAPHY AND THERMOSONICS II 
X. Han, Wayne State University, Chairperson 
Grand Mesa Ballroom A 
 
 1:30 PM The Application of Finite Element Analysis to Investigate the Vibrational Response of a 
Turbine Blade Under Thermosonic Excitation 
---G. Bolu, A. Gachagan, and G. Pierce, University of Strathclyde, Centre for Ultrasonic 
Engineering, 204 George Street, Glasgow, G1 1XW, United Kingdom; T. Barton, Rolls Royce plc, 
United Kingdom 
 
 1:50 PM Evaluation of Vibrothermography for Impact Damage and Delamination in Carbon Fiber 
Composites 
 ---J. C. Chen, L. E. Gomez, R. Valdez, C. Ng, and J. D. Mello, California Polytechnic State 
University, Department of Mechanical Engineering, San Luis Obispo, CA 93405 
 
 2:10 PM Study the Effect of Engagement Force of Ultrasound Transducer on Crack Detectability in 
Sonic IR Imaging 
  ---X. Han and Y. Song, Wayne State University, Department of Electrical and Computer 
Engineering, Detroit, MI 48202 
  
 2:30 PM Effect of Diameter to Depth Ratio on the Measurement of Defect Depth Using Pulsed 
Thermography 
---N. Tao, Z. Zeng, L. Feng, and C. Zhang, Capital Normal University, Department of Physics, 
Beijing 100048, China; Z. Zeng, Chongqing Normal University, Institute of Physics and Electronic 
Engineering, 400047, China 
 
 2:50 PM An Application of Sonic IR Inspection on Turbine Blades 
---Y. Guo, J. Williams, Siemens Energy Inc., 4400 Alafaya Trail, MC Q3-031, Orlando, FL 32828 
 
 3:10 PM Break 
 
 3:30 PM Simulations and Measurements of Artificial Cracks and Pits in Flat Stainless Steel Plates 
Using Tone Burst Eddy-Current Thermography (TBET) 
 ---M. N. Libin1, K. Balasubramaniam1, B. W. Maxfield1, and C. V. Krishnamurthy2, 1Centre for 
Nondestructive Evaluation, Indian Institute of Technology Madras, Chennai, India; 2Department of 
Physics, Indian Institute of Technology Madras, Chennai, India 
 
 3:50 PM Fast Detection of Surface Cracks Using Flying Laser Spot Thermography 
---M. Ziegler, P. Myrach, C. Maierhofer, and M. Kreutzbruck, BAM Federal Institute for Materials 
Research and Testing, Unter den Eichen 87, 12205 Berlin, Germany; J. Schlichting, BAM Federal 
Institute for Materials Research and Testing, now with Linde AG, Engineering Division 
  
 4:10 PM Prospects of Pulse-Phase Thermography for Finding Disbonds in CFRP-Sandwich Parts 
with Aluminum Honeycomb Cores Compared to Ultrasonic 
 ---J. Gruber, B. Stotter, G. Mayr, and G. Hendorfer, FH OÖ Forschungs & Entwicklungs GmbH, 
Wels, Austria; Jakov Sekelja, FACC AG, NDT Engineering, Ried, Austria  
 
 4:30 PM Passive and Active Thermography for Damage Monitoring in Woven Composites During 
Mechanical Testing 
 ---J.-M. Roche, D. Balageas, B. Lamboul, G. Grail, G. Bai, F. Passilly, and A. Mavel, ONERA, 
Composite Materials and Structures Department, BP72 92322 Châtillon Cedex, France 
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1:30 PM 
 
The Application of Finite Element Analysis to 
Investigate the Vibrational Response of a 
Turbine Blade Under Thermosonic Excitation 
---Gabriel Bolu, Anthony Gachagan, and 
Gareth Pierce, Centre for Ultrasonic 
Engineering, University of Strathclyde, 204 
George Street, Glasgow, G1 1XW, United 
Kingdom; Tim Barton, Rolls Royce plc, United 
Kingdom 
 
---To improve the efficiency of the NDE process 
associated with turbine blade inspection, the 
application of thermosonics as an initial 
screening technique has been proposed.  
Unfortunately, the reliability of the thermosonic 
technique is not well established for inspecting 
complex components.  Importantly, the 
application of a typical high power ultrasound 
source in contact with the specimen will lead to 
a highly non-uniform distribution of the 
vibrational energy generated within the 
component.  This paper presents a 
methodology, using a combination of 
experimental vibration measurements and finite 
element analysis (FEA), to model the vibrational 
energy within a turbine blade corresponding to a 
typical thermosonic inspection scenario.  Laser 
vibrometry measurements were used to 
determine the steady-state vibration response at 
several locations on a blade and used to identify 
the prominent spectral components.  These 
were then used to generate an excitation 
function for the FEA approach. After validation of 
the FEA model, the vibration response across 
the whole blade was simulated.  Finally, the 
predicted displacement field was used to 
determine the vibrational energy at every point 
on the blade which was mapped onto a CAD 
representation of the blade, thereby highlighting 
areas on the blade that were below the defect 
detection threshold. 
1:50 PM 
 
Evaluation of Vibrothermography for Impact 
Damage and Delamination in Carbon Fiber 
Composites 
---John C. Chen, Luz E. Gomez, Rudy Valdez, 
Christopher Ng, and Joseph D. Mello, California 
Polytechnic State University, Department of 
Mechanical Engineering, San Luis Obispo, CA 
93405 
 
---Vibrothermography is seen as a reliable 
inspection technique for detecting various 
defects such as fatigue cracks and corrosion 
patches in metal components.  Much less 
attention has been given to evaluating its 
abilities to reliably detect expected defects in 
advanced composite materials.  Carbon fiber 
reinforced plastic (CFRP) is one such material 
that is gaining interest for structural applications 
because of its strength and weight savings.  
Typical defects in CFRP include impact damage 
and delamination.  This study examines the 
efficacy of vibrothermography for finding these 
defects in manufactured samples. 
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2:10 PM 
 
Study the Effect of Engagement Force of 
Ultrasound Transducer on Crack 
Detectability in Sonic IR Imaging 
---Xiaoyan Han and Yuyang Song, Wayne State 
University, Department of Electrical and 
Computer Engineering, Detroit, MI 48202 
 
---Sonic IR imaging has been showed its broad 
applications for detecting different types of 
defects in various materials.  The principle of 
this technology is rather simple.  The natural 
occurrence of acoustic chaos can increase the 
IR signal level and enhance the defect detection.  
This is due to the non-linear coupling between 
the ultrasound transducer and the target.  In last 
year’s QNDE, we presented the results from 
studying the effect of coupling materials in Sonic 
IR Imaging.  We have shown the results with 
several coupling materials and quantitatively 
distinguished their different levels of effect on 
the detectability of a defect.  We continued our 
study on this non-linear coupling issue.  In this 
paper, we will present our results on how 
engagement force between the ultrasound 
transducer and the target will also affect crack 
detectability.  Correlation between the acoustic 
energy and the thermal energy in the crack of an 
aluminum sample will be analyzed and 
discussed as well. 
2:30 PM 
 
Effect of Diameter to Depth Ratio on the 
Measurement of Defect Depth Using Pulsed 
Thermography 
---Ning Tao, Zhi Zeng, Lichun Feng, and Cunlin 
Zhang, Department of Physics, Capital Normal 
University, Beijing 100048, China; Zhi Zeng, 
Institute of Physics and Electronic Engineering, 
Chongqing Normal University, 400047, China 
 
---The depth prediction methods using pulsed 
thermography are theoretically based on one 
dimensional solution of pulsed thermography, 
however, three dimensional heat conduction 
may affect the accuracy of depth prediction in 
practical applications.  In this study, we analyzed 
three representative methods based on 1D heat 
conduction model, and one aluminum and one 
fiber reinforced plastics (FRP) specimen with six 
flat-bottom wedges were used as simulated 
defects.  A set of pulsed thermography data at 
different positions in each wedge were obtained 
to approximately simulate that defects with 
different diameter to depth ratio (D/L) were 
affected by different levels of 3D heat 
conduction.  The theoretical procedures of three 
different thermography methods were analyzed, 
and the linear relationship between the 
characteristic time of each method and the 
square of defect depth was constructed under 
the condition of the same D/L.  The obtained 
linear relationship differs at various D/L, and it is 
analyzed how it is varied with D/L. 
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2:50 PM 
 
An Application of Sonic IR Inspection on 
Turbine Blades 
---Yan Guo and Jason Williams, Siemens 
Energy Inc., 4400 Alafaya Trail, MC Q3-031, 
Orlando FL 32828 
 
This paper presents a successful application of 
the Sonic IR technology on service exposed 
turbine blades.  The application targets on linear 
indications in an area of interest located at the 
bottom and trailing edge of the airfoil on both 
pressure and suction side.  The inspection was 
conducted through multiple coatings and from 
an internal and trailing edge surface.  More than 
hundreds blades have been inspected and has 
shown a satisfying repeatability and 
reproducibility.  A metallurgic analysis was 
applied to sampled blades to analyze the 
reasons of detections and misses by correlating 
to the Sonic IR measurements.  The future 
challenges to improve the probability of 
detection will also be discussed by the end of 
this paper.  
3:30 PM 
 
Simulations and Measurements of Artificial 
Cracks and Pits in Flat Stainless Steel Plates 
Using Tone Burst Eddy-Current 
Thermography (TBET) 
---M. N. Libin1, Krishnan Balasubramaniam1, B. 
W. Maxfield1, and C. V. Krishnamurthy2, 1Centre 
for Nondestructive Evaluation, IIT Madras, 
Chennai, India; 2Department of Physics, Indian 
IIT Madras, Chennai, India 
 
---Tone Burst Eddy current Thermography 
(TBET) is a new hybrid, non-contacting, Non-
Destructive Evaluation (NDT) method which 
employs a combination of Pulsed Eddy current 
Thermography (PEC) and Thermographic Non-
Destructive Evaluation (TNDE). For 
understanding the influence of cracking and 
pitting on heat generation and flow within a 
metallic body, a fundamental knowledge of the 
detailed induced current density distribution in 
the component under test is required.  This 
information enables us to calculate the amount 
of heat produced by the defects and how that 
heat diffuses to the surface where it is imaged.  
This paper describes simulation work done for 
artificial pits and cracks within pits on the far 
surface of poorly conducting metals like 
stainless steel. The first phase of this 
investigation simulates the transient thermal 
distribution for artificial 2D pit and crack-like 
defects using the finite element package 
COMSOL multi-physics with the AC/DC module 
and general heat transfer.  Considering the 
reflection measurement geometry where thermal 
excitation and temperature monitoring are on the 
same surface, pitting reduces the material 
volume thereby contributing to a larger 
temperature rise for the same thermal energy 
input.  A crack within a pit gives a further 
increase in temperature above the pure pit 
baseline.  The tone burst frequency can be 
changed to obtain approximately uniform 
heating (low frequency) or the heating of a thin 
region at the observation surface.  Although 
front surface temperature changes due to 10% 
deep far-side pits in a 6 mm thick plate can be 
measured, it is not yet clear whether a 20% 
deep crack within this pit can be discriminated 
against the background.  Both simulations and 
measurements will be presented.  The objective 
of this work is to determine whether the TBET 
method is suitable for the detection and 
characterization of far side pitting, cracking and 
cracks within those pits.  
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3:50 PM 
 
Fast Detection of Surface Cracks Using 
Flying Laser Spot Thermography 
---Mathias Ziegler, P. Myrach, Christiane 
Maierhofer, and Marc Kreutzbruck, BAM Federal 
Institute for Materials Research and Testing, 
Unter den Eichen 87, 12205 Berlin, Germany; 
Joachim Schlichting, BAM Federal Institute for 
Materials Research and Testing, now with Linde 
AG, Engineering Division 
 
---We report on recent developments in the 
detection of surface cracks in metallic 
components using flying laser spot 
thermography.  Application of an infrared 
camera for mapping the thermal radiation after 
excitation with a diode laser equipped with an 
optical scanner allows us to examine a surface 
containing cracks in an entirely non-destructive, 
contactless and fast way, without even moving 
the camera.  We developed an efficient and 
robust algorithm that can be applied directly to 
the recorded thermal sequences, and that 
derives a single image containing all crack 
signatures.  For this crack detection technique, 
no specific synchronization between laser and 
camera is required.  Hence, our approach is 
suitable for an upgrade of existing 
thermographic systems.  By using an advanced 
setup we became able to test even shiny metals 
without the need for additional coatings and are 
able to detect micron-sized cracks therein with 
scanning speeds up to 100 cm²/s.  The 
feasibility of the proposed procedure is proven 
by testing samples containing artificial and 
natural cracks and by comparing the results with 
magnetic particle testing. 
4:10 PM 
 
Prospects of Pulse-Phase Thermography for 
Finding Disbonds in CFRP-Sandwich Parts 
with Aluminum Honeycomb Cores Compared 
to Ultrasonic 
---Jürgen Gruber, Bernhard Stotter, Günther 
Mayr, and Günther Hendorfer, FH OÖ 
Forschungs & Entwicklungs GmbH, Wels, 
Austria; Jakov Sekelja, FACC AG, NDT 
Engineering, Ried, Austria 
 
---In this paper we show the prospects of pulse-
phase thermography (PPT) for finding faults due 
to disbonds in CFRP-sandwich parts with 
aluminum honeycomb cores.  In former studies 
we used specimens with artificial flaws.  In this 
paper all measurements were carried out on real 
structural components, as used in aviation.  
Disbonds between the skin and the core, which 
are state of the art, could be detected as well as 
disbonds in septum bonding between two cores.  
The latter is an essential advantage of active 
thermography in reflexion mode over pulse-echo 
ultrasonic.  Trough-transmission ultrasonic was 
not applicable because the complex structure of 
the component did not permit access to both 
sides.  Furthermore pulse-phase thermography 
provides additional information about the inner 
structure of the specimen, such as staggers or 
concentrations of resin, which were not 
detectable by use of ultrasonic with industrial 
setup.  To assess the limitations of the detection 
probabilities with respect to defect size and 
testing time of pulse-phase thermography 
numerical simulations were carried out.  
Furthermore we give an impression of the 
economic advantages, such as testing time, 
when using active thermography instead of 
ultrasonic for the inspection of a whole structural 
component, as used in the aviation. 
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4:30 PM 
 
Passive and Active Thermography for 
Damage Monitoring in Woven Composites 
During Mechanical Testing 
---Jean-Michel Roche, Daniel Balageas, 
Benjamin Lamboul, Gaël Grail, Gabriele Bai, 
Françoise Passilly, and Anne Mavel, ONERA, 
Composite Materials and Structures 
Department, BP72 92322 Châtillon Cedex, 
France 
 
---The woven composites are subjected to 
diffuse and multi-scaled damages, which are 
difficult to detect because of their heterogeneous 
architecture.  The understanding of their 
damage mechanisms could substantially be 
improved by multi-instrumented mechanical 
testing, based on the complementarity between 
mechanical and NDT measurements.  The 
purpose of the present paper is to highlight the 
contribution of the infrared thermography for the 
monitoring and nondestructive evaluation of 
damage in a 2D glass-fiber epoxy woven 
composite during an original tensile testing, 
constituted of multiple sequences of loadings, up 
to higher and higher tensile stresses.  The 
damage evolution during the monotonic load 
rises is monitored by passive thermography; 
once an aimed stress level is reached, while the 
mechanical loading is paused, a nondestructive 
damage inspection of the composite is carried 
out by pulsed thermography.  The thermal 
signatures of the detected damages are 
analyzed and the propagation of the released 
heat is modeled, so that the generated energies 
can be assessed.  Thanks to additional 
measurements, provided by acoustic emission 
and stereo digital image correlation, the nature 
and severity of every damage, from matrix 
cracking to yarn and fiber cracking, over fiber-
matrix debonding, are then inferred. 
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1:30 PM Nondestructive Evaluation of the Complex Modulus Master Curve of Asphalt Concrete 
Specimens 
---A. Gudmarsson, N. Rydén, and B. Birgisson, Highway and Railway Engineering, KTH Royal 
Institute of Technology, Stockholm, Sweden 
 
1:50 PM A Chemo-Mechanical Model for the Acoustic Nonlinearity Change in Concrete with Alkali-
Silica Reactions 
---M. Liu and J. Qu*, Northwestern University, Department of Civil and Environmental Engineering, 
*Department of Mechanical Engineering, Evanston, IL 60208; L. J. Jacobs, Georgia Institute of 
Technology, School of Civil and Environmental Engineering, Atlanta, GA 30332 
   
  2:10 PM Measurement of Early-Age Concrete Properties via Embedded UPV 
---A. H. Gibson, AG Acoustic LLC, 6152 Habitat Drive, Boulder, CO 80301 
 
  2:30 PM Monitor Fresh Cement Hardening by Measuring Resonance Frequency of Bender Element 
---J. Cai, Zhejiang University, Department of Civil Engineering, Hangzhou, Zhejiang, China; J. Zhu, 
The University of Texas at Austin, Department of Civil, Architectural and Environmental 
Engineering, Austin, TX 78712 
 
2:50 PM Air-Coupled Detection of the S1-ZGV Lamb Mode in a Concrete Plate Based on Backward 
Wave Propagation 
---H. Bjurström and N. Rydén, Highway and Railway Engineering, KTH Royal Institute of 
Technology, Stockholm, Sweden 
 
  3:10 PM Break 
 
  3:30 PM Developing an Air-Coupled Impact Echo Sensor Using a Parabolic Acoustic Reflector  
---S.-H. Kee and N. Gucunski, Rutgers, The State University of New Jersey, Department of Civil 
and Environmental Engineering, Piscataway, NJ 08854 
  
  3:50 PM Understanding the Impulse Response Method Applied to Concrete Slabs 
 ---J. S. Popovics, T. Oh, and D. Wu, The University of Illinois, Department of Civil and 
Environmental Engineering, Urbana, IL 61801; T. Schumacher and D. J. Clem, The University of 
Delaware, Department of Civil and Environmental Engineering, Newark, DE 19716 
 
  4:10 PM Quantitative Acoustic Emission Monitoring Techniques Applied to Civil Engineering 
Structures 
---T. Schumacher1, L. Mhamdi1, and L. Linzer2, 1Civil and Environmental Engineering, University of 
Delaware, Newark, DE 19716; 2MeerCAT Geophysics, cc/University of Witwatersrand, 
Johannesburg, South Africa 
 
  4:30 PM A Wireless Data Acquisition System for Acoustic Emission Transducers 
---A. T. Zimmerman and J. P. Lynch, Civionics LLC, Ann Arbor, MI 48109 
 
  4:50 PM Investigation of the Acoustic Emission Source Mechanism of a Steel Bridge Material 
---M. Hossain, J. Yu, P. Ziehl, J. Caicedo, and F. Matta, University of South Carolina 
Department of Civil and Environmental Engineering, 300 Main Street, Columbia, SC 29208 
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1:30 PM 
 
Nondestructive Evaluation of the Complex 
Modulus Master Curve of Asphalt Concrete 
Specimens 
---Anders Gudmarsson, Nils Ryden, and Björn 
Birgisson, Highway and Railway Engineering, 
KTH Royal Institute of Technology, Stockholm, 
Sweden 
 
---The dynamic Young’s modulus of asphalt 
concrete is directly related to pavement quality 
and is used in thickness design of pavements.  
A master curve characterizes the complex 
modulus over a range of frequencies and 
temperatures.  Traditional methods to determine 
master curves are expensive and not completely 
nondestructive.  A master curve determined 
nondestructively in a laboratory can be used for 
both nondestructive quality controls of 
pavements and for developing new recipes.  
This study applies seismic testing to an asphalt 
concrete specimen by using an instrumented 
hammer as impact source and an accelerometer 
to measure the response.  An application of 
resonant acoustic spectroscopy (RAS) as well 
as optimization of frequency response functions 
(FRFs) is used to estimate the complex moduli 
at different temperatures and frequencies.  
Through RAS a complex modulus can be 
determined for each resonant frequency while 
the use of FRFs enables the estimation of the 
complex moduli over a wide range of 
frequencies.  The application of RAS is here 
based on the Rayleigh-Ritz approximation and 
the optimization of FRFs is based on the finite 
element method.  The results show that the use 
of FRFs can provide a good approximation of 
the complex modulus master curve of an asphalt 
concrete specimen.  
1:50 PM 
 
A Chemo-Mechanical Model for the Acoustic 
Nonlinearity Change in Concrete with Alkali-
Silica Reactions 
---Minghe Liu and Jianmin Qu*, Northwestern 
University, Department of Civil and 
Environmental Engineering, *Department of 
Mechanical Engineering, Evanston, IL 60208; 
Laurence J. Jacobs, Georgia Institute of 
Technology, School of Civil and Environmental 
Engineering, Atlanta, GA 30332 
 
---Experimental data have demonstrated that 
damage induced by Alkali-silica reaction (ASR) 
in concrete, even in its very early stage, can 
cause changes in the acoustic nonlinearity 
parameter beta.  This provides a mean to 
characterize ASR damage in concrete 
nondestructively.  However, there is currently no 
model that explains the relationship between the 
acoustic nonlinearity parameter and ASR 
damage.  In this work, we present a 
micromechanics-based chemo-mechanical 
model that relates the acoustic nonlinearity 
parameter to ASR damage.  The mechanical 
part of the model is developed based on a 
modified version of the generalized self-
consistent theory.  The chemical part of the 
model accounts for two opposing diffusion 
processes.  One is the diffusion of alkali ions in 
the pore solution into aggregates, and the other 
is the permeation of ASR gel from the aggregate 
surface into the surrounding porous cement 
matrix.  Furthermore, a fracture model is used to 
simulate crack initiation and growth, so that the 
crack density and total expansion can be 
obtained.  Finally, the acoustic nonlinearity 
parameter is determined as a function of 
exposure time by accounting for the gel 
pressure and the crack density.  This model 
provides a way to quantitatively predict the 
changes in the acoustic nonlinearity parameter 
due to ASR damage, which can be used to 
guide experimental measurements. 
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2:10 PM 
 
Measurement of Early-Age Concrete 
Properties via Embedded UPV 
---Alexander H. Gibson, AG Acoustic LLC, 
6152 Habitat Drive, Boulder, CO 80301 
 
---This paper presents results of preliminary 
laboratory testing with embedded ultrasonic 
sensors in concrete.  These tests were carried 
out during the development of a field system for 
monitoring the early-age physical properties in 
concrete and shotcrete materials.  In particular, 
the design is pertinent to applications in Fibre 
Reinforced Shotcrete (FRS), commonly used for 
ground support in underground mine tunnels, 
where the determination of early-age properties 
is critical for establishing safe re-entry times.  
The embedded system used in these 
experiments comprises a pair of piezoelectric 
transducers mounted to an open frame, which is 
designed to hold them within the concrete at a 4” 
offset separation.  The probe is implanted in the 
fresh material at placement, and connected via 
wire leads to an external control system.  This 
study presents an analysis of conventional 
unconfined compressive strength (UCS) and 
dynamic (low strain) elastic modulus data vs. P-
wave velocity, for equivalent batches and curing 
conditions, at early age.  The suitability of using 
universal vs. mix specific calibrations is 
discussed, as is the sensitivity of the latter to 
variations in water content, curing temperature 
and admixture dosage. 
2:30 PM 
 
Monitor Fresh Cement Hardening by 
Measuring Resonance Frequency of Bender 
Element 
---Jinbiao Cai, Zhejiang University, Department 
of Civil Engineering, Hangzhou, Zhejiang, China; 
Jinying Zhu, The University of Texas at Austin, 
Department of Civil, Architectural and 
Environmental Engineering, Austin, TX 78712 
 
---Previous studies by the authors have shown 
that the shear wave velocity is an effective 
parameter to monitor setting and hardening 
process of fresh cement and concrete.  The low-
cost benders were found especially effective for 
shear wave generation and measurement in 
cement paste at very early age. However, the 
shear wave test setup using two benders (one 
source and one receiver) requires relatively 
large sample size in lab tests, and also requires 
accurate measurement of sensor spacing which 
may not always be possible in field applications. 
In this study, we propose a resonance test 
method that requires only one bender to be 
embedded in cement paste. The resonant 
frequency and vibration amplitude of an 
embedded bender are functions of mechanical 
properties of the bender and the surrounding 
material. With the increase of stiffness and age 
of cement paste, the bender’s resonant 
frequency and amplitude change. Shear 
modulus and damping ratio of the cement paste 
can be derived from the resonance 
measurement of bender. The results are 
compared to shear wave velocity and shear 
modulus measured from ultrasonic 
measurements.   
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Air-Coupled Detection of the S1-ZGV Lamb 
Mode in a Concrete Plate Based on 
Backward Wave Propagation 
---Henrik Bjurström and Nils Rydén, Highway 
and Railway Engineering, KTH Royal Institute of 
Technology, Stockholm, Sweden 
 
---The Impact Echo method is an established 
way of determining the thickness of concrete 
plates. The minimum frequency of the first-order 
symmetrical Lamb mode (S1-ZGV) is usually 
measured using one displacement or 
accelerometer sensor close to a transient 
impact. Experiments with non-contact air-
coupled microphones have shown promising 
results for faster measurements. However, the 
measured amplitude spectrum from a 
microphone signal is sensitive to noise. It can 
therefore be challenging to identify the correct 
frequency peak corresponding to the S1-ZGV 
frequency. In this study multichannel signal 
processing is used to identify the S1-ZGV 
frequency based on backward wave propagation 
instead of the conventional amplitude spectrum 
approach. Close to the S1-ZGV frequency the 
first-order symmetric Lamb mode will stop 
propagating and the energy will stand still 
causing resonance. In a small frequency range 
close to this zero group velocity the phase 
velocity is finite and double valued, meaning that 
waves go both forward and backward at the 
same time. The S1-ZGV mode is therefore 
visible as a negative phase velocity in the 
measured frequency/phase velocity spectrum. 
Results show that multichannel signal 
processing from a microphone array can be an 
efficient alternative to measure the S1-ZGV 
frequency in scanning non-contact Impact Echo 
measurements. 
3:30 PM 
 
Developing an Air-Coupled Impact Echo 
Sensor Using a Parabolic Acoustic Reflector  
---Seong-Hoon Kee and Nenad Gucunski, 
Rutgers, The State University of New Jersey, 
Department of Civil and Environmental 
Engineering, Piscataway, NJ 08854 
 
---The main objective of this study was to 
develop an advanced air-coupled sensor using a 
parabolic acoustic reflector that is effective in 
improving sensitivity and directionality of air-
coupled sensors. The resulting acoustic reflector 
will be used as a part of an air-coupled impact-
echo device for delamination detection in 
concrete bridge decks. First, the study was 
conducted on a series of 2D finite element (FE) 
models that include both solid concrete plate 
and air domains. The models were developed to 
investigate interaction of leaky stress waves (in 
particular, S1 resonance mode in Lamb waves) 
with a parabolic reflector. A series of parametric 
studies was conducted to determine the optimal 
geometry of parabolic reflectors (cylinders). The 
main variables were the rim angle and the width 
of the reflectors, and location of air-coupled 
sensors. Furthermore, numerical simulations 
using 2D FE models, including delamination 
defects in concrete decks, were conducted to 
verify the optimal parabolic reflector is effective 
in enhancing the amplitude of S1 resonance 
modes in Lamb waves corresponding to the 
various depths of delamination defects. Next, 
validity of findings from theoretical studies was 
verified using experimental studies in laboratory. 
Finally, the results clearly demonstrate that the 
optimal parabolic domes can significantly 
improve signal-to-noise ratio in the air-coupled 
IE measurements. This will increase the 
feasibility of air-coupled sensing in actual impact 
echo testing on concrete bridge decks. 
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3:50 PM 
 
Understanding the Impulse Response 
Method Applied to Concrete Slabs 
---John S. Popovics, Taekeun Oh, and Denglin 
Wu, The University of Illinois, Department of 
Civil and Environmental Engineering, Urbana, IL 
61801; Thomas Schumacher and Daniel J. 
Clem, The University of Delaware, Department 
of Civil and Environmental Engineering, Newark, 
DE 19716 
 
---The impulse response method, originally 
developed to characterize concrete foundation 
shafts, is now commonly applied to concrete 
slabs and decks. In the method, the dynamic 
response of a structure owing to an impact event 
at a point is monitored, where the impulse 
response function is computed knowing the 
forcing function of the impact event and the 
resulting measured dynamic response. The 
impulse response signature from shafts is 
typically characterized using distinct features in 
the frequency spectrum, including the original 
rise rate of the signal at low frequencies, 
average spectral amplitude, and resonance 
features at higher frequencies. In this paper, we 
aim to establish if these features are appropriate 
for the case of plate-like structures, and if 
meaningful links between physical behavior of 
the slab and these signal characteristics can be 
established. In this paper, impulse response 
data from bridge deck structures are computed 
using finite element (FE) simulation; cases with 
varying internal defect position, sensor type, and 
underlying support cases are considered. The 
simulations are based on an actual bridge deck, 
and the FE model results are first verified by 
experimental impulse response data. 
Subsequently, inferences about the connection 
between physical behavior and signal 
characteristics are presented, based on the 
simulation data, and conclusions about the 
validity of each signal parameter are drawn.   
4:10 PM 
 
Quantitative Acoustic Emission Monitoring 
Techniques Applied to Civil Engineering 
Structures 
---Thomas Schumacher1, Lassaad Mhamdi1, 
and Lindsay Linzer2, 1Civil and Environmental 
Engineering, University of Delaware, Newark, 
DE 19716; 2MeerCAT Geophysics, cc/University 
of Witwatersrand, Johannesburg, South Africa 
 
---With the worldwide aging and deteriorating 
civil infrastructure network, a need has emerged 
for Structural Health Monitoring (SHM) solutions 
that enable bridge owners to make informed 
decisions. Over the past decades, a variety of 
analysis procedures have been developed, most 
of them adapted from seismology. The 
methodology presented is based on the Moment 
Tensor Inversion (MTI) technique, a key analysis 
tool used in seismology to infer on the 
mechanics of the source of fracture and its 
properties. The hybrid MTI technique employed 
is simple in concept but requires accurate input 
data. For that reason, all the experiments were 
conducted using the novel Glaser/NIST-type 
point-contact sensors that have a broad-band 
response between 20 kHz and 1 MHz. The 
experiments consisted of creating a variety of 
artificial AE sources at different locations on 
steel, concrete, and reinforced concrete 
specimens and collecting AE signals using the 
sensors mounted to the surface of the 
specimens. In this paper, a general description 
of the proposed methodology with emphasis on 
the hybrid MTI technique is presented along with 
a first set of predictions. Opportunities and 
limitations with respect to civil engineering 
applications are discussed. 
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A Wireless Data Acquisition System for 
Acoustic Emission Transducers 
---Andrew T. Zimmerman and Jerome P. 
Lynch, Civionics LLC, Ann Arbor, MI 48109 
 
---In recent years, ultrasonic techniques such as 
acoustic emission (AE) testing have become 
increasingly popular in the non-destructive 
evaluation of materials and structures. These 
techniques, which involve the analysis of 
frequency content between 1 kHz and 1 MHz, 
have proven effective in detecting the onset of 
cracking and other early-stage failure in active 
structures such as airplanes in flight. However, 
these techniques typically involve the use of 
expensive and bulky monitoring equipment 
capable of accurately sensing AE signals at 
sampling rates greater than 1 million samples 
per second.  In this paper, a new 16-bit wireless 
data acquisition system is presented that is 
capable of collecting, storing, and wirelessly 
transmitting AE data at rates of up to 20 MHz. 
This battery-powered device has a very small 
form factor, and has been designed with the 
ability to process AE data as it is collected, 
improving its battery life and allowing its wireless 
connection to only be used when one of a set of 
trigger events have been detected. A simple 
testbed demonstrating the capabilities of this 
device is presented in detail. 
4:50 PM 
 
Investigation of the Acoustic Emission 
Source Mechanism of a Steel Bridge Material 
---M. Hossain, J. Yu, P. Ziehl, J. Caicedo, and 
F. Matta, University of South Carolina 
Department of Civil and Environmental 
Engineering, 300 Main Street, Columbia, SC 
29208 
 
---Over the past twenty years acoustic emission 
(AE) has been extremely used for structural 
health monitoring (SHM) of metallic structures. 
The success of AE for prognosis of in-service 
steel bridges depends on the reliability of the 
received AE signals. This paper discusses AE 
source characterization and a model for 
predicting crack extension and remaining fatigue 
life. The emphasis of the paper is on the source 
mechanism, as this is critical for prognostic 
modeling.  The source characterization was 
performed based on moment tensor analysis, 
strain field monitoring with Digital Imaging 
Correlation (DIC), and observation of the 
fractured surface through scanning electronic 
microscopy (SEM). The prognostic model 
represents the relationship between the AE 
features and crack growth rate. Extrapolation of 
the results to in-service bridges is discussed. 
The discussion is focused on fatigue tests 
performed on both compact tension (CT) and 
cruciform specimens fabricated from ASTM 
A572G50 steel. Both resonant and wideband 
sensors were utilized. 
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 1:30 PM  A Boundary Element Formulation for the Computation of Damped Guided Waves 
  ---M. Mazzotti, A. Marzani, and E. Viola, Universita' degli Studi di Bologna, DICAM, Viale 
Risorgimento 2, 40136 Bologna, Italy; I. Bartoli, Drexel University, Civil, Architectural & 
Environmental Engineering Department, 3141 Chestnut St., Philadelphia, PA 19104 
   
 1:50 PM  Anomalous Dispersion of Cylindrical Longitudinal Guided Waves  
---H. Cui and B. Zhang, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China 
(PRC); J. Trevelyan and S. Johnstone, Durham University, School of Engineering & Computing 
Sciences, Durham, United Kingdom; S. Millman, Research Development & Technology, Tata Steel, 
Middlesbrough, United Kingdom 
 
 2:10 PM Dynamic Stress Intensity Factors of Canonical Crack Geometries Using Piezoelectric Excitation 
and 3D Laser Vibrometry 
---J. T. Ayers and A. Ghoshal, U.S. Army Research Laboratory, Vehicle Technology Directorate, 
Aberdeen Proving Ground, MD 21005; C. T. Owens and E. Swenson, AFIT/ENY, Wright-Patterson Air 
Force Base, OH 45433; V. Weiss, Syracuse University, Syracuse, NY 13244 
 
 2:30 PM  Using Singularities to Detect and Describe a Notch in a Pipe 
---D. K. Stoyko and N. Popplewell, University of Manitoba, Department of Mechanical and Manufacturing 
Engineering, Winnipeg, Manitoba, Canada; A. H. Shah, University of Manitoba, Department of Civil 
Engineering, Winnipeg, Manitoba, Canada 
  
 2:50 PM An Experimental Study of Helical Lamb Wave Propagation on Two Hollow Cylinders in Axial 
Mechanical Contact 
---A. Balvantin and A. Baltazar, Centro de Investigacion y de Estudios Avanzados del Instituto 
Politecnico Nacional, Robotics and Advanced Manufacturing Program, Saltillo, Coahuila, México; J.-Y. 
Kim, Georgia Institute of Technology, Woodruff School of Mechanical Engineering, Atlanta, GA 30332 
 
 3:10 PM Break 
 
 3:30 PM A Parallel Mixed 3D Grid/ Explicit FEM Scheme for Computing Elastic Wave Propagation on a 
GPU Using an Irregular Mesh 
---J. L. Blackshire, Air Force Research Labs, Metals Ceramics and NDE Division, WPAFB,  
OH 46433; M. R. Cherry and T. R. Boehnlein, University of Dayton Research Institute, Structural 
Integrity Division, Dayton, OH 45469; J. C. Aldrin, Computational Tools, Gurnee, IL 60031 
 
 3:50 PM  Unit Cell Finite Element Modelling for Ultrasonic Scattering from Periodic Surfaces 
---W. Choi and M. J. S. Lowe, Imperial College, Mechanical Engineering, London, United Kingdom; E. 
Skelton and R. Craster, Imperial College, Mathematics, London, United Kingdom 
   
 4:10 PM  Forward and Backscatter Energy Field Patterns from Localized Damage Sites 
---J. L. Blackshire, Air Force Research Laboratory, AFRL/RXLP, 2230 Tenth Street, Wright-Patterson 
AFB, OH, 45433-7817 
 
 4:30 PM Ultrasonic Backscattering Measurements of Grain Size in Dual Microstructure Nickel Alloy 
Aircraft Engine Disk Materials 
---P. D. Panetta, Applied Research Associates, Inc., Route 1208 Greate Road, Gloucester Point, VA 
23062 
 
 4:50 PM  Nonlinear Interaction of Ultrasonic Waves with a Crack of Different Orientation 
---P. Blanloeuil, A. Meziane, and C. Bacon, Université de Bordeaux, I2M, UMR 5295, F-33400 Talence, 
France; CNRS, I2M, UMR 5295, F-33400 Talence, France; A. et Métiers, ParisTech, I2M, UMR 5295, F-
33400 Talence, France 
 
 5:10 PM Analysis of Scattering Large Amplitude Ultrasound at a Crack Closed with Residual Stress by the 
Damped Double Node (DDN) Model 
---K. Yamanaka, K. Jinno, and Y. Ohara, Tohoku University, Department of Materials Processing, 
Sendai, Miyagi, Japan 
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1:30 PM 
 
A Boundary Element Formulation for the 
Computation of Damped Guided Waves 
---Matteo Mazzotti, Alessandro Marzani, and 
Erasmo Viola, Universita' degli Studi di Bologna, 
DICAM, Viale Risorgimento 2, 40136 Bologna, 
Italy; Ivan Bartoli, Civil, Architectural & 
Environmental Engineering Department, Drexel 
University, 3141 Chestnut St., Philadelphia, PA 
19104 
 
---The use of ultrasonic guided waves (GW) has 
increased considerably in the fields of non-
destructive testing and structural health 
monitoring due to their ability to perform long 
range inspections, to probe hidden areas as well 
as to provide a complete monitoring of the entire 
waveguide.  Guided waves can be fully exploited 
only once their dispersive properties are known 
for the given waveguide.  To this end, in this 
paper a 2.5D boundary element technique is 
presented to extract the dispersion curves for 
waveguides in which material attenuation is 
included.  Compared with other well-accepted 
techniques such as the Transfer Matrix Method 
(TMM), the Global Matrix Method (GMM) and 
the Semi Analytical Finite Element (SAFE) 
method, the proposed method is able to analyze 
waveguides of arbitrary cross-section by 
discretizing its contour only with mono-
dimensional elements.  The method is based on 
a regularized boundary integral formulation 
which leads to a nonlinear eigenvalue problem 
in the complex axial wavenumber for any fixed 
frequency.  To extract the dispersion relations, 
the eigenvalue problem is solved in the complex 
wavenumber domain by using a contour 
integration method.  The method is 
demonstrated through some numerical 
examples and the results are compared with 
those obtained using the SAFE method. 
1:50 PM 
 
Anomalous Dispersion of Cylindrical 
Longitudinal Guided Waves  
---Hanyin Cui and Bixing Zhang, Institute of 
Acoustics, Chinese Academy of Sciences, 
Beijing 100190, China (PRC); Jon Trevelyan 
and Sherri Johnstone, School of Engineering & 
Computing Sciences, Durham University, 
Durham , UK; Stuart Millman, Research 
Development & Technology, Tata Steel, 
Middlesbrough, United Kingdom 
 
---This paper presents a theoretical analysis of 
guided wave propagation along an ultrasonic 
transmission rod which is a multi-layered 
cylindrical waveguide.  The rod is designed to 
transmit signals into liquid metal for detection of 
small non-metallic inclusions.  In order to 
thoroughly understand the signal propagation 
process, the special dispersion behavior - that 
phase velocity increases with frequency (i.e., 
anomalous dispersion) - of longitudinal modes is 
studied for improving the rod design.  The 
dispersion equation of longitudinal modes is 
solved using the global matrix method.  Without 
considering attenuation, phase and group 
velocities dispersion curves are traced by 
solving the equation applying a bisection 
technique.  From the numerical results it is 
concluded that (1) the exhibition of anomalous 
dispersion depends on the material properties of 
the layered media, especially is sensitive to the 
shear modulus and density.  (2) The anomalous 
dispersion behavior relates to the interface and 
surface wave properties.  For instance, in a free 
rod, only the first order longitudinal mode 
exhibits anomalous dispersion at a frequency 
range where phase velocities are around the 
Rayleigh velocity; while in the cases of layered 
cylinders, the behavior shows at certain 
frequency ranges where phase velocities are 
close to the Stoneley velocities.  
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2:10 PM 
 
Dynamic Stress Intensity Factors of 
Canonical Crack Geometries Using 
Piezoelectric Excitation and 3D Laser 
Vibrometry 
---James T. Ayers and Anindya Ghoshal, U.S. 
Army Research Laboratory, Vehicle Technology 
Directorate, Aberdeen Proving Ground, MD 
21005; C. Todd Owens and Eric Swenson, 
AFIT/ENY, Wright-Patterson Air Force Base, OH 
45433; Volker Weiss, Syracuse University, 
Syracuse, NY 13244 
 
---The use of guided waves to interrogate 
remote areas of structural components is 
extensive in characterizing damage.  However, 
there exists a sparsity of work in using 
piezoelectric-generated guided waves as a 
method of assessing the dynamic stress 
intensity factors (DIFs).  This quantitative 
information enables accurate predictions of the 
remaining life of metallic structures exhibiting 
cracks, such as military and commercial 
transport vehicles.  The proposed full wavefield 
approach, based on 3D laser vibrometry and 
piezoelectric-generated guided waves, provides 
a practical means for estimation of DIF through 
local strain energy mapping.  Strain energies 
and traction vectors can be conveniently 
estimated from the recorded wavefield data 
using 3D laser vibrometry, through interpolation 
and subsequent spatial differentiation of the 
recorded response field. Upon estimation of the 
J-integrals, the corresponding DIF terms, known 
conveniently, as KI , KII can be obtained.  For 
this study, the experimental test matrix consists 
of aluminum plates with canonical elliptical crack 
geometries under uni-axial tension that are 
excited by mounted piezoelectric actuators.  The 
elliptical defects’ major and minor axes ratios 
vary from unity to approximately 0.01.  Finite 
element simulations are calibrated to the 
experimental results and the relative magnitude 
of the DIFs corresponding to the static SIF are 
examined. 
2:30 PM 
 
Using Singularities to Detect and Describe a 
Notch in a Pipe 
---Darryl K. Stoyko and Neil Popplewell, 
University of Manitoba, Department of 
Mechanical and Manufacturing Engineering, 
Winnipeg, Manitoba, Canada; Arvind H. Shah, 
University of Manitoba, Department of Civil 
Engineering, Winnipeg, Manitoba, Canada 
 
---A hybrid Semi-Analytical Finite Element 
(SAFE) and standard finite element procedure is 
adopted to locally detect and characterize an 
outer surface breaking, axisymmetric notch in an 
otherwise infinitely long steel pipe.  Numerical 
simulations demonstrate that interactions 
between incident, dispersive ultrasonic guided 
waves and the notch change a radial 
displacement's temporal history and introduce 
additional singularities in the previously 
unblemished pipe's Frequency Response 
Function (FRF).  The singularities indicate the 
presence of a nearby notch.  Furthermore the 
frequency differences between the singularities 
of the unblemished and blemished pipes are 
shown to reflect the axisymmetric notch's 
dimensions.  The conceptually straightforward 
but computationally expensive extension to 
nonaxisymmetric notches is also suggested. 
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2:50 PM 
 
An Experimental Study of Helical Lamb Wave 
Propagation on Two Hollow Cylinders in 
Axial Mechanical Contact 
---Antonio Balvantin and Arturo Baltazar, 
Centro de Investigacion y de Estudios 
Avanzados del Instituto Politecnico Nacional, 
Robotics and Advanced Manufacturing Program, 
Saltillo, Coahuila, México; Jin-Yeon Kim, 
Georgia Institute of Technology, Woodruff 
School of Mechanical Engineering, Atlanta, GA 
30332 
 
---In this work, helical Lamb wave propagation in 
two hollow cylinders in axial mechanical contact 
is studied.  The solid-solid interface between the 
cylinders was treated as an imperfect contact 
condition.  Experiments were carried out on two 
aluminum hollow cylinders (114 mm in outer-
diameter and 6 mm of wall thickness) axially 
loaded by a horizontal press to control contact 
interfacial stiffness between them.  An ultrasonic 
measurement setup using broadband 
transducers in a pitch-catch configuration is 
presented.  For helical Lamb wave propagation, 
multiple modes propagating at different 
velocities are generated in the cylinders.  To 
improve the parameter identification process 
from ultrasonic signals, an automatic positioning 
system, developed in our lab, is proposed for the 
data gathering process.  The positioning system 
allows the proper location of the receiver in 
order to accurately acquire the ultrasonic signals 
and also guarantee the same coupling 
conditions at each measurement.  Time-
frequency representation (TFR) is used for 
mode identification of ultrasonic captured 
signals.  The effect of loss of contact on the 
helical Lamb wave parameters (velocity and 
attenuation) during loading and unloading cycles 
is studied. 
3:30 PM 
 
A Parallel Mixed 3D Grid/ Explicit FEM 
Scheme for Computing Elastic Wave 
Propagation on a GPU Using an Irregular 
Mesh 
---James L. Blackshire, Air Force Research 
Labs, Metals Ceramics and NDE Division, 
WPAFB, OH 46433; Matthew R. Cherry and 
Thomas R. Boehnlein, University of Dayton 
Research Institute, Structural Integrity Division, 
Dayton, OH 45469; John C. Aldrin, 
Computational Tools, Gurnee, IL 60031 
 
---Even with advances in computing processor 
speed and memory, numerical models of 
ultrasonic wave propagation and scattering in 
3D at high frequencies are computationally 
intensive due to the fine mesh and time step 
requirements.  The development of fast 3D 
numerical models that leverage emerging 
graphical processing unit (GPU) capabilities 
have recently been explored within the 
geophysics and NDE communities.  However, 
these formulations have typically leveraged 
regular gridding to reduce model solution time 
and minimize memory requirements.  While this 
approach has distinct advantages for 
homogeneous materials with simple geometries, 
very fine 3D grids are often necessary to 
achieve the desired accuracy to simulate the 
scattering at angled/curved boundaries and in 
heterogeneous microstructures.  Efficient 
numerical methods that naturally address 
irregular boundaries for complex materials and 
crack morphologies are, therefore, needed.  In 
this work, a combined grid/FEM method  that is 
capable of using parallelepiped or tetragonal 
mesh elements, as well as a combination of the 
two, is investigated.  A formulation was 
developed that leverages the architecture of 
GPUs with irregular grids to efficiently address 
complex structures and heterogeneous 
materials.  Benchmark studies are presented 
comparing the computational time, memory 
requirements, and simulation accuracy for GPU 
and CPU solvers with several challenge NDE 
problems.  
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Unit Cell Finite Element Modelling for 
Ultrasonic Scattering from Periodic Surfaces 
---Wonjae Choi and Michael J. S. Lowe, 
Imperial College, Mechanical Engineering, 
London, United Kingdom; Elizabeth Skelton and 
Richard Craster, Imperial College, Mathematics, 
London, United Kingdom 
 
---Ultrasound wave scattering from the rough 
surfaces of defects is an important consideration 
for the qualification of safety-critical inspections 
because some species of fabrication and 
service-induced defects are rough. Whereas the 
surfaces of flat defects only reflect specularly, an 
incident wave reflects over a range of angles 
when the surface is rough. This affects the 
inspection performance because the coefficient 
of the specular reflection is reduced, while the 
detection of reflections at other angles becomes 
possible.  An infinite periodic surface is a simple 
form of rough surface, which has been well 
investigated since Rayleigh, and can be useful 
to provide general insight into the nature of the 
wave scattering. Furthermore, in the context of 
scattering from cracks, the study of an infinite 
surface enables examination of the reflections 
from the surface without the presence of the 
crack tip diffraction fields.  In this paper, an 
infinite periodic surface is modeled by a unit cell 
FE model with cyclic symmetric boundary 
conditions, allowing the model to be small, and 
elastic wave scattering from the surface is 
simulated in the time domain. The scattered 
waves propagating at angles can also be 
reconstructed by adding phases to already-
monitored signals. This cell model is 
demonstrated using the commercial FE package 
ABAQUS and examples of the scattered wave 
results are compared with analytical and other 
existing numerical solutions. 
4:10 PM 
 
Forward and Backscatter Energy Field 
Patterns from Localized Damage Sites 
---James L. Blackshire, Air Force Research 
Laboratory, AFRL/RXLP, 2230 Tenth Street, 
Wright-Patterson AFB, OH, 45433-7817 
 
---The scattering of ultrasound energy from 
localized damage sites has been studied 
extensively by numerous researchers and is of 
significant interest for quantitative NDE.  
Damage detection and basic sizing information 
have, for example, been provided using 
scattered energy reflection and transmission 
levels, time-of-flight signal analysis, crack-tip 
diffraction, and many other methods.  In the 
present effort, finite element models and 
experimental measurements are used to 
understand edge diffraction effects, which can 
impact both the detection and accurate sizing of 
damage features.  The results suggest that edge 
diffraction can generate localized energy fields 
in the forward and backscatter directions, 
causing signal content to vary.  A simple analytic 
explanation of the observed effects is provided 
along with potential implications for damage 
characterization – both positive and negative. 
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Ultrasonic Backscattering Measurements of 
Grain Size in Dual Microstructure Nickel 
Alloy Aircraft Engine Disk Materials 
---Paul D. Panetta, Applied Research 
Associates, Inc., Route 1208 Greate Road, 
Gloucester Point, VA 23062 
 
---Ensuring the reliability of rotating components 
in aircraft engines is critically important.  The 
temperatures in the high-pressure turbine 
section of today’s aircraft engines range from 
500°F at the bore to 1300°F at the rim, creating 
a higher propensity for fatigue cracking in the 
bore and creep damage at the rim.  Traditionally, 
these Ni-based superalloy components are 
fabricated with uniform microstructures.  
Unfortunately, a uniform microstructure is not 
optimum for preventing fatigue or creep 
damage, thus leaving the disks susceptible to 
failure.  Several studies have shown that 
microstructures with fine grains in the bore ~ 5 
mm and coarse grains at the rim ~ 80 mm help 
alleviate the fatigue cracking and creep damage 
predominately associated with the bore and rim 
regions respectively. These competing 
requirements led to the development of dual 
heat treated nickel alloy disks possessing fine-
grain bore and coarse-grain rim microstructures.  
To incorporate these disk  s into aircraft engines 
and ensure reliability through the service life, 
NDE tools are needed to guarantee the target 
grain sizes have been met.  To meet this need 
we have developed ultrasonic backscattering 
methods and software tools to measure the 
grain size in nickel alloys.  We will present 
ultrasonic backscattering and attenuation 
measurements on nickel alloys coupled with a 
scattering theory for equiaxed grains to 
determine the grain size in nickel alloys used for 
rotating engine disks.  We calculated grain sizes 
to within 2 um for grain sizes ranging from 5 um 
to 35 um.  Our results indicate that some nickel 
alloys do not follow the predicted relationship to 
grain size. We will discuss these variations and 
their relationships to the microstructure and 
scattering mechanisms.  We will also show a 
version of a single software tool that combines 
the data acquisition, computation of the 
attenuation and backscattering, theoretical 
predictions of backscattering and grain size 
calculation. 
4:50 PM 
 
Nonlinear Interaction of Ultrasonic Waves 
with a Crack of Different Orientation 
---Philippe Blanloeuil, Anissa Meziane, and 
Christophe Bacon, Université de Bordeaux, I2M, 
UMR 5295, F-33400 Talence, France; CNRS, 
I2M, UMR 5295, F-33400 Talence, France; Arts 
et Metiers, ParisTech, I2M, UMR 5295, F-33400 
Talence, France 
 
---Detecting cracks at early stage of failure is 
relevant in many technologies.  Ultrasonic 
methods based on linear wave scattering are 
efficient for detecting defects and characterizing 
material elasticity, but are less sensitive to 
closed cracks and contacting interfaces.  Among 
various applications, nonlinear acoustic 
techniques such as higher-harmonic generation 
are well suited for the nondestructive detection 
of micro-cracks or closed cracks.   When a 
harmonic pulse interacts with a crack, higher 
harmonics are generated. In the present study, a 
finite element model is used to investigate the 
influence of the incident angle between a crack 
and a longitudinal wave.  The key point of this 
model is the introduction of a unilateral contact 
law with Coulomb's friction.  This contact law 
has been validated through an experimental 
study using shear waves.  Therefore, nonlinear 
interaction between longitudinal and shear 
waves and a crack with different orientations is 
achieved.  The explicit dynamic finite element 
software Plast2D is used to solve the dynamic 
problem.  The nonlinear characterization 
provides the evolution of the higher harmonics in 
both transmitted and reflected waves for 
different crack orientations.  
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Analysis of Scattering Large Amplitude 
Ultrasound at a Crack Closed with Residual 
Stress by the Damped Double Node (DDN) 
Model 
---Kazushi Yamanaka, Kentaro Jinno, and 
Yoshikazu Ohara, Tohoku University, 
Department of Materials Processing, Sendai, 
Miyagi, Japan 
 
---It is difficult in ultrasonic testing (UT) to detect 
cracks closed by residual stresses as large as 
100 MPa, Nonlinear ultrasound such as the 
subharmonic phased array for crack evaluation 
(SPACE) is expected to be useful.  To analyze 
signal and images, a two dimensional model 
with damped double nodes (DDN) was 
proposed.  Here, the vibration of displacement 
waveforms of incidence-side crack face and that 
of transmission-side crack face is calculated.  
Then the former is pushed up by the latter, and 
the former cannot follow the return of the latter 
due to the inertia. In the following periods, this 
process is repeated with different open/close 
ratio, causing subharmonics.  However, 
scattering at crack tip and stress distribution 
along the crack have not been analyzed.  In this 
work, we analyze the stress T3 normal to the 
crack face.  If the amplitude of incident wave is 
less than the compression residual stress TR, 
the waveform T3 is similar to the incident 
displacement waveform.  But when T3 is larger 
than the residual stress TR, T3 in the crack face 
becomes zero and that outside the crack face 
shows a rapid increase, in the tensile phase.  
The stress distribution is similar to that predicted 
by the linear fracture mechanics. However, there 
is a considerable noise in T3 at the sudden 
decrease to zero.  It is noted that the damping of 
DDN significantly reduces the noise and enables 
quantitative analysis of scattering. Both crack 
tips generate a scattered wave circularly 
propagating towards the transmitting array. The 
detected waves at array are used to generate 
phased array image.  With frequency filtering it 
generated fundamental frequency and 
subharmonic frequency images, similar to those 
in SPACE.  In conclusion, systematic analysis of 
waveforms of closed cracks by DDN will be 
useful in improving the UT for important 
structures with possible extension of closed 
cracks. 
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P. Ramuhalli, Pacific Northwest National Lab, Chairperson 
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 1:30 PM Survey of Diagnostics Tools for Advanced Small Modular Reactors 
---P. Ramuhalli, R. Meyer, J. Coble, and L. Bond, Pacific Northwest National Laboratory, Applied 
Physics Group, Richland, WA 99352 
   
 1:50 PM Optical Fiber Technique for In-Reactor Mechanical Properties Measurement 
---R. S. Schley, Z. Hua, and D. H. Hurley, Idaho National Laboratory, Department of Materials 
Science and Engineering, Idaho Falls, ID 83415-2209; Z. Hua and H. Ban, Utah State University, 
Department of Aerospace and Mechanical Engineering, Logan, UT 84322-4130 
 
 2:10 PM A Bayesian Approach to Estimating the Uncertainty of Fatigue Life of Pressure Vessels and 
Piping 
---J. T. Fong, National Institute of Standards & Technology, Applied & Computational Mathematics 
Division, Gaithersburg, MD 20899-8910; J. J. Filliben, N. A. Heckert, and W. F. Guthrie, National 
Institute of Standards & Technology, Statistical Engineering Division, Gaithersburg, MD 20899-
8980 
 
 2:30 PM Selecting a Radiation Tolerant Piezoelectric Material for Nuclear Reactor Applications 
---B. T. Reinhardt, D. A. Parks, and B. R. Tittmann, The Pennsylvania State University, The 
Department of Engineering Science and Mechanics, University Park, PA 16804 
  
 2:50 PM Simplified Modelling of Liquid Sodium Medium with Temperature and Velocity Gradient from 
Thermohydraulic--Application to Ultrasonic Thermometry in Sodium Fast Reactor 
---N. Massacret and J.-P. Jeannot, DEN/DTN/STPA/LIET, CEA Cadarache, Saint-Paul-Lez-
Durance, France; J. Moysan, M.-A. Ploix, and G. Corneloup, Aix-Marseille University, LMA UPR 
7051 CNRS, site LCND, 13625 AIx-en-Provence, France 
 
 3:10 PM Break 
 
 3:30 PM High-Temperature, Multi-Element Integrated Ultrasonic Transducers for Structural Health 
Monitoring 
---J. Veilleux, S. E. Kruger, K.-T. Wu, and A. Blouin, National Research Council Canada, 
Boucherville, Quebec, Canada 
 
 3:50 PM Fabrication of Bismuth Titanate-PZT Ceramic Transducers for High Temperature 
Applications 
---B. T. Reinhardt, C. T. Searfass, C. Pheil, K. Sinding, B. Cyphers, and B. R. Tittmann, The 
Pennsylvania State University, The Department of Engineering Science and Mechanics, University 
Park, PA 16804 
   
 4:10 PM Performance Test of Plate-Type Ultrasonic Waveguide Sensor in Sodium  
---Y.-S. Joo, J.-H. Bae, and J.-B. Kim, Fast Reactor Technology Demonstration Division, Korea 
Atomic Energy Research Institute, 150-1 Dukjin-dong, Yuseong, Daejeon, Korea 
  
 4:30 PM Use of First Order Reversal Curve Measurements To Understand Barkhausen Noise 
Emission in Nuclear Steel 
---J. S. McCloy, Pacific Northwest National Laboratory, Richland, WA, 99352 
 
 4:50 PM NDE Methods for Monitoring and Control of Welding Processes 
---F. Yu, Electrical Power Research Institute, Charlotte, NC, 28262; T. R. McJunkin and D. C. 
Kunerth, Idaho National Laboratory, Idaho Falls, ID 83415 
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Survey of Diagnostics Tools for Advanced 
Small Modular Reactors 
---Pradeep Ramuhalli, Ryan Meyer, Jamie 
Coble, and Leonard Bond, Pacific Northwest 
National Laboratory, Applied Physics Group, 
Richland, WA 99352 
 
---Sustainable nuclear power to promote energy 
security is a key national energy priority.  
Several advanced designs are being considered 
for the next generation of nuclear power 
reactors, to provide economically viable energy 
options. These include high-temperature gas 
reactors (HTGR), and liquid metal and liquid 
salt-cooled reactors. Many of these advanced 
reactor designs have electrical output less than 
about 300 MWe, and are considered small 
modular reactors (SMR). Such reactor designs 
are expected to rely primarily on passive safety 
systems resulting in inherently safe reactor 
designs. These reactor concepts are expected 
to operate at higher temperatures (than light-
water-cooled reactors), easily transition between 
base-load generation and load-following 
operation, and have longer refueling intervals. In 
addition, many of these reactors are being 
designed for other applications, such as process 
heat. These characteristics will result in a need 
for reliable instrumentation to monitor operations 
and safety-critical components, to better detect, 
manage and mitigate degradation in safety-
critical components. In particular, tools for the 
detection of incipient failure through advanced 
online diagnostics tools will be necessary to help 
establish the basis for integrated system health 
management.  This paper discusses key 
aspects of NDE and diagnostics that are likely to 
be important in longer-term advanced reactor 
design, development and deployment. In 
particular, materials issues, potential 
degradation modes, in-service inspection 
requirements, and available NDE technologies 
will be reviewed, with a view towards application 
in advanced reactor designs. 
1:50 PM 
 
Optical Fiber Technique for In-Reactor 
Mechanical Properties Measurement 
---Robert S. Schley, Zilong Hua, and David H. 
Hurley, Department of Materials Science and 
Engineering, Idaho National Laboratory, Idaho 
Falls, ID 83415-2209; Zilong Hua and Heng 
Ban, Department of Aerospace and Mechanical 
Engineering, Utah State University, Logan, UT 
84322-4130 
 
---In-reactor measurements of radiation effects 
on material properties will provide valuable new 
insights into the behavior of nuclear materials 
exposed to extreme radiation environments.  
Optical measurement techniques that probe the 
mechanical properties of materials are non-
contacting, can be implemented remotely and 
are ideally suited for measurements in radiation 
environments.  Using optical fibers for light 
delivery offers two primary advantages; 1 - 
optical fibers are small allowing numerous fibers 
to be used in a single instrumented test, 2 - 
complicated optical paths can be realized 
without mirrors or lenses.  We present an optical 
fiber based technique for measuring changes in 
elastic properties as a material undergoes 
recrystallization.  Recrystallization is a general 
phenomenon found in oxide and metallic nuclear 
fuels and involves a dramatic change in the 
grain microstructure.  Our approach involves 
exciting and measuring flexural vibrations in a 
thin cantilever beam having a textured 
microstructure imparted by rolling.  The natural 
vibrational frequency is a function of the beam 
dimensions and the elastic constants.  By 
exciting the beam and measuring the natural 
frequency, changes in the modulus of elasticity 
can be monitored.  The technique is 
demonstrated by monitoring the elastic property 
changes of a beam as it undergoes 
recrystallization at elevated temperature. 
  
WEDNESDAY, SESSION 23 
 - 132 - 
2:10 PM 
 
A Bayesian Approach to Estimating the 
Uncertainty of Fatigue Life of Pressure 
Vessels and Piping 
---Jeffrey T. Fong, National Institute of 
Standards & Technology, Applied & 
Computational Mathematics Division, 
Gaithersburg, MD 20899-8910; James J. 
Filliben, N. Alan Heckert, and William F. Guthrie, 
National Institute of Standards & Technology, 
Statistical Engineering Division, Gaithersburg, 
MD 20899-8980 
 
---Based on a stochastic theory of macroscopic 
crack growth of a single crack in engineering 
materials in which the standard deviation of the 
estimated fatigue life is expressed in terms of 
the means and standard deviations of the initial 
crack length, final crack length, fracture 
toughness, and other material property 
parameters, we develop in this paper a more 
general theory of crack growth involving multiple 
cracks such that the mean and standard 
deviation of the initial crack length can be 
directly estimated from NDE-measured crack 
length data over a period of several inspection 
intervals.  Using a public-domain Bayesian-
statistics software named WinBUGS, we 
develop a Markov Chain Monte Carlo (MCMC) 
algorithm to calculate the mean and standard 
deviation of both the initial crack length and the 
initial crack growth rate from a set of NDE-
measured multiple crack length data.  A 
numerical example using synthetic NDE and 
fracture toughness data for high strength steels 
at room and elevated temperatures is presented 
to illustrate this new methodology.  Significance 
and limitations of this Bayesian approach to 
estimating the uncertainty of fatigue life 
prediction for pressure vessels and piping in 
nuclear industry applications are also presented. 
2:30 PM 
 
Selecting a Radiation Tolerant Piezoelectric 
Material for Nuclear Reactor Applications 
---Brian T. Reinhardt, David A. Parks, and 
Bernhard R. Tittmann, The Pennsylvania State 
University, The Department of Engineering 
Science and Mechanics, University Park, PA 
16804 
 
---Bringing systems for online monitoring of 
nuclear reactors to fruition has been delayed by 
the lack of suitable ultrasonic sensors.  Recent 
work has demonstrated the capability of an AlN 
sensor to perform ultrasonic evaluation in an 
actual nuclear reactor.  Although the AlN 
demonstrated sustainability, no loss in signal 
amplitude and d33 up to a fast and thermal 
neutron fluence of 1.85X1018 n/cm2 and 
5.8X1018 n/cm2 respectively, no formal process 
to selecting a suitable sensor material was 
made.  It would be ideal to use first principles 
approaches to somehow reduce each candidate 
piezoelectric material to a simple ranking 
showing directly which materials one should 
expect to be most radiation tolerant.  However, 
the complexity of the problem makes such a 
ranking impractical and one must appeal to 
experimental observations. This should not be of 
any surprise to one whom is familiar with 
material science as most material properties are 
obtained in this manner.  Therefore, this work 
adopts a similar approach and the mechanisms 
affecting radiation tolerance are discussed and a 
good engineering sense is used for material 
qualification of the candidate piezoelectric 
materials. 
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Simplified Modelling of Liquid Sodium 
Medium with Temperature and Velocity 
Gradient from Thermohydraulic--Application 
to Ultrasonic Thermometry in Sodium Fast 
Reactor 
---Nicolas Massacret and Jean-Philippe 
Jeannot, DEN/DTN/STPA/LIET, CEA 
Cadarache, Saint-Paul-Lez-Durance, France; 
Joseph Moysan, Marie-Aude Ploix, and Gilles 
Corneloup, Aix-Marseille University LMA UPR 
7051 CNRS, site LCND, 13625 AIx-en-
Provence, France 
 
---In the framework of the French R&D program 
for the Generation IV reactors and specifically 
for the sodium cooled fast reactors (SFR), 
studies were carried out on innovative 
instrumentation methods in order to improve 
safety and simplify the monitoring of important 
physical parameters during reactor operation. 
The aim of this present study is to follow up the 
sodium temperature at the outlet of 
subassemblies with an acoustic thermometry 
method. The medium is a turbulent flow of liquid 
sodium at 550 °C with temperature 
inhomogeneities. To understand the effect of 
disturbance created by this medium, numerical 
simulations are proposed. A ray tracing code 
has been developed with Matlab in order to 
predict acoustic paths in this medium. This 
complex medium is accurately described by 
results of a thermohydraulic simulation, which 
have been checked by the corresponding 
experiment. The analysis of these results allows 
understanding the effects of medium 
inhomogeneities on the further thermometric 
acoustic measures. To validate simulations of 
acoustic waves propagation among thermal 
gradient, a strioscopic experiment is also 
presented. 
3:30 PM 
 
High-Temperature, Multi-Element Integrated 
Ultrasonic Transducers for Structural Health 
Monitoring 
---Jocelyn Veilleux, Silvio E. Kruger, Kuo-Ting 
Wu, and Alain Blouin, National Research 
Council Canada, Boucherville, Quebec, Canada 
 
---This paper reports recent developments on 
high-temperature, multi-element integrated 
ultrasonic transducers (IUTs).  The multi-
element IUTs are fabricated from a sol-gel route, 
where piezoelectric films are deposited, poled 
and machined into an array of 16 elements.  
Electrical wiring and insulation are also 
integrated into a practical, simple high-
temperature assembly.  These multi-element 
IUTs show a high potential for structural health 
monitoring at high temperatures (in the 200-500 
degrees Celsius range): they can withstand 
thermal cycling and shocks, they can be 
integrated to complex geometries, and they 
have broadband and suitable operating 
frequency characteristics with a minimal footprint 
(no backing needed).  The specifics of multi-
element transducers, including the phased array 
approach, for structural health monitoring are 
discussed. 
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3:50 PM 
 
Fabrication of Bismuth Titanate-PZT Ceramic 
Transducers for High Temperature 
Applications 
---Brian T. Reinhardt, Clifford T. Searfass, 
Christiane Pheil, Kyle Sinding, Bob Cyphers, 
and Bernhard R. Tittmann, The Pennsylvania 
State University, The Department of Engineering 
Science and Mechanics, University Park, PA 
16804 
 
---Inspection via ultrasonic non-destructive 
evaluation (UNDE) is one of the leading 
methods being considered for implementation of 
safety measures for nuclear reactors due to the 
light weight, relatively low cost, and low system 
footprint required for UNDE.  However, UNDE in 
such real world systems is a non-trivial task due 
in large to the high temperature environments as 
well as complex geometries of such systems.  
Utilization of a spray-on deposition technique of 
ferroelectric bismuth-titanate (Bi4Ti3O12) 
composites is investigated.  These transducers 
provide a competitive advantage to standard 
ultrasonic transducers due to the mechanical 
coupling to complex geometries and high 
temperature capability (Curie-Weiss temperature 
685 ⁰C).  However, an issue with many high 
temperature transducers such as bismuth-
titanate ceramics is that they have relatively low 
d33 (about 12 pC/F in Bi4Ti3O12 versus 650 
pC/F in PZT-5H).  It is common conception that 
high-temperature capability comes at the cost of 
electro-mechanical coupling.  It will be shown 
that the high temperature capability of bismuth-
titanate-PZT triphasic composite transducers 
using the spray-on deposition technique 
previously developed, improves the electro-
mechanical coupling while maintaining the high 
temperature performance and mechanical 
coupling.  This material could provide 
advantages in harsh environments where high 
signal to noise ratios are needed. 
4:10 PM 
 
Performance Test of Plate-Type Ultrasonic 
Waveguide Sensor in Sodium  
---Young-Sang Joo, Jin-Ho Bae, and Jong-Bum 
Kim, Fast Reactor Technology Demonstration 
Division, Korea Atomic Energy Research 
Institute, 150-1 Dukjin-dong, Yuseong, Daejeon, 
Korea 
 
---The plate-type ultrasonic waveguide sensor 
using the A0 mode leaky Lamb wave has been 
developed for the under-sodium viewing of a 
reactor core and in-vessel structures in the 
sodium-cooled fast reactor.  A new ultrasonic 
waveguide sensor wherein coating layers made 
of beryllium (Be) and nickel (Ni) is formed on the 
surfaces of the waveguide plate is suggested for 
the enhancement of the ultrasonic beam 
radiation and wetting capabilities of ultrasonic 
waveguide sensor in sodium.  The sodium test 
facility with a glove box system and a sodium 
test loop has been designed and constructed to 
carry out the performance test of ultrasonic 
waveguide sensor in sodium environment 
condition.  The 1.7 m long under-sodium 
ultrasonic waveguide sensor module with 
beryllium and nickel coating layers was 
designed and manufactured.  The performance 
tests were carried out for evaluating the 
ultrasonic beam radiation and C-scan imaging 
resolution of the plate-type ultrasonic waveguide 
sensor in sodium. 
  
WEDNESDAY, SESSION 23 
 - 135 - 
4:30 PM 
 
Use of First Order Reversal Curve 
Measurements to Understand Barkhausen 
Noise Emission in Nuclear Steel 
---John S. McCloy, Pacific Northwest National 
Laboratory, Richland, WA, 99352 
 
---Many of these reactors in the U.S. nuclear 
fleet are approaching their designed lifetime of 
60 years.  In its Research and Development 
Roadmap - Report to Congress (2010), DOE’s 
Office of Nuclear Energy identified development 
of technologies to improve the reliability, sustain 
the safety, and extend the life of current reactors 
as its top priority.  Simultaneously, research into 
advanced reactor designs with passive safety 
features continues, with many of these reactors 
expected to operate at higher temperatures than 
light-water-cooled reactors.  In both light-water-
cooled and advanced reactors, maintaining 
structural integrity of passive components will be 
necessary to ensure safe long-term operations.  
To achieve this objective, non-destructive 
structure condition monitoring techniques must 
be integrated with the plant operations to 
quantify the ‘state of health’ of structural 
materials.  In addition, new reactors have the 
option of being designed for inspectability to 
enhance safety.  This paper describes 
preliminary studies of magnetic signatures for 
nondestructive interrogation of ferritic/martensitic 
alloys.  A prototypical ferritic/martensitic alloy, 
HT-9, of interest to the nuclear materials 
community was investigated for microstructure 
effects on Barkhausen noise emission and first-
order reversal curve (FORC) analysis.  Three 
different heat-treated samples were used, 
corresponding to different hardness levels.  It 
was observed that Barkhausen noise emission 
(BNE) and reversible component of 
magnetization, computed from the FORC data, 
decreased with increasing mechanical hardness.  
The results are discussed in terms of the use of 
magnetic signatures for nondestructive 
interrogation of radiation damage and other 
microstructural changes in ferritic/martensitic 
alloys.  FORC analysis is shown to be 
particularly useful for detailed characterization of 
defect density and pinning, which can be 
correlated to bulk NDE field measurements such 
as BNE. 
4:50 PM 
 
NDE Methods for Monitoring and Control of 
Welding Processes 
---Feng Yu, Electrical Power Research Institute, 
Charlotte, NC, 28262; Timothy R. McJunkin and 
Dennis C Kunerth, Idaho National Laboratory, 
Idaho Falls, ID 83415 
 
---It has been recognized that efficient and high-
quality welding processes are key to the 
economical development of new advanced 
nuclear reactors. Incorporation of advanced 
weld control models and nondestructive sensing 
technologies into welding process to provide 
real-time diagnostics and control to join metal 
components reliably at high speeds, can 
significantly enhance the productivity, quality 
and safety of the process. However, these 
expectations have been remained largely 
unfulfilled at least from an industry perspective. 
This presentation will discuss the challenges 
and opportunities associated with process 
control and NDE for welds. An overview of 
advanced NDE technologies with potentials to 
detect flaw initiation during the welding process 
will be presented, to discuss technical issues 
related to field applications and future work, 
along with experimental results of some 
evaluated technologies. 
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SESSION 24 
ULTRASONIC PHASED ARRAYS I 
B. Addison, Retired from Rockwell Scientific Company, Chairperson 
Chasm Creek AB 
 
 
  8:30 AM Advanced Ultrasonic 2D Phased-Array Probes 
---F. Reverdy, N. Dominguez, and P. Calmon, CEA-LIST, DISC, Gif-sur-Yvette , France; G. 
Ithurralde, EADS, Innovation Works, Toulouse, France 
 
  8:50 AM A Design Tool for 2D Sparse Phased Array Probes to Ensure Compliance with Inspection 
Requirements  
---J. Dziewierz and A. Gachagan, University of Strathclyde, Centre for Ultrasonic Engineering, 204 
George Street, Glasgow, G1 1XW, United Kingdom 
   
  9:10 AM Design by Simulation of the UT Array Inspection of a Nozzle with a Flexible Probe: Definition 
of 3D Trajectories and Focusing Parameters 
---A. Vanhoye and O. Casula, Commissariat à l'Energie Atomique, Laboratoire d'Instrumentations 
et Capteurs, Saclay, Essonne, France; D Moussebois, Laborelec, Electrabel Qualification Body, 
Linkebeek, Belgium 
 
  9:30 AM Surface-Adaptive Ultrasound (SAUL) for Phased-Array Inspection of Composite Specimens 
with Curved Edges and Complex Geometry 
---D. L. Hopkins, G. A. Neau, and W. V. Johnson, BERCLI Corp., Berkeley, CA 94703; L. Le Ber, 
M2M, Les Ulis, France 
  
  9:50 AM NDT Process Using Lamb Waves Generated and Detected by Ultrasonic Phased Array 
Probes for the Detection of Defects in Metallic and Composite Plates 
---A. Leleux and M. Castaings, University Bordeaux, I2M, UMR 5295, F-33400 Talence, France; 
CNRS, I2M, UMR 5295, F-33400 Talence, France; A. et Métiers, ParisTech, I2M, UMR 5295,  
F-33400 Talence, France; P. Micheau, Université de Sherbrooke, Mechanical Engineering 
Department, 2500 boul. de l'Université, J1K 2R1, Québec, CANADA 
 
 10:10 AM Break 
 
 10:30 AM Comparison of Ultrasonic Array Imaging Algorithm for Non-destructive Evaluation 
---J. Zhang, B. W. Drinkwater, and P. D. Wilcox, University of Bristol, Department of Mechanical 
Engineering, University Walk, Bristol BS8 1TR, United Kingdom 
  
 10:50 AM Phased Array Ultrasonic Processings for Enhanced and Affordable Diagnosis 
  ---N. Dominguez*, S. Mahaut, F. Reverdy, G. Rougeron, and S. Leberre, CEA-LIST, DISC,  
Gif-sur-Yvette, France; *EADS, Innovation Works, Toulouse, France 
 
 11:10 AM Defects Detection in Thin Components Using Two-Dimensional Ultrasonic Arrays 
---A. Velichko, P. D. Wilcox, and B. W. Drinkwater, University of Bristol, Department of Mechanical 
Engineering, Bristol, United Kingdom 
 
 11:30 AM Characterization of Inhomogeneous and Anisotropic Steel Welds by Ultrasonic Array 
Measurements 
---Z. Fan and M. J. S. Lowe, Imperial College, Mechanical Engineering, London, United Kingdom 
 
 11:50 AM Acoustic Field Computation of Ultrasonic Phased Array Based on Space Impulse Response 
---L. Wang, C. Xu, X. Li, D. Xiao, and Z. Liu, Beijing Institute of Technology, Key Laboratory of 
Fundamental Science for Advanced Machining, Beijing, China; Z. Liu, North University of China, 
School of Mechanical Engineering and Automation, Taiyuan, Shanxi, China 
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8:30 AM 
 
Advanced Ultrasonic 2D Phased-Array 
Probes 
---Frederic Reverdy, Nicolas Dominguez, and 
Pierre Calmon, CEA-LIST, DISC, Gif-sur-
Yvette, France; Guillaume Ithurralde, EADS, 
Innovation Works, Toulouse, France 
 
---Phased-Array Ultrasonic Testing probes bring 
efficiency and flexibility for fast and accurate 
testing. 2D arrays offer even more flexibility by 
allowing ultrasonic steering and focusing 
throughout the complete volume of a 
component.  However, 2D arrays are limited by 
the fact that the cost of electronic systems 
quickly increases with the number of 
elements/channels making these arrays not cost 
effective for many applications.  This limitation 
has led to more complex probes designs such 
as sparse arrays and others.  While these 
designs show potential advantages, their 
complexity make it harder to predict their 
performances and limitations.  To deal with 
these challenges the possibility to define non-
conventional 2D-array probes with complex 
element patterns and arrangements has been 
introduced in the CIVA software.  These new 
capabilities have been used to define 2D matrix 
arrays for specific applications.  We present in 
this communication the results of this study. 
8:50 AM 
 
A Design Tool for 2D Sparse Phased Array 
Probes to Ensure Compliance with 
Inspection Requirements  
---Jerzy Dziewierz and Anthony Gachagan, 
Centre for Ultrasonic Engineering, University of 
Strathclyde, 204 George Street, Glasgow, G1 
1XW, United Kingdom 
 
---The application of ultrasonic 2D arrays can 
significantly reduce the inspection time overhead 
for many NDE scenarios. In order to maximize 
the potential benefits for NDE applications, 
aperiodic sparse array probes offer several 
advantages.  For such designs, computationally 
demanding imaging algorithms are required to 
fully exploit the captured raw signals.  
Importantly, the final image quality depends on a 
combination of the array beam shape 
performance, array layout, and array imaging 
technique adopted.  This paper describes an 
array system performance evaluation tool which 
calculates 3D maps of sensitivity, resolution and 
contrast associated with images produced using 
the Total Focusing Method.  Graphic card 
hardware architecture has been used to ensure 
that this platform generates the 3D map data 
within a practical timeframe. This is crucial for 
sparse array applications.  Importantly, this array 
design approach ensures that the array design 
specification is fully aligned with the inspection 
requirements.  The software has been validated 
using a 2D sparse array (128 elements, 3MHz) 
designed for water coupled operation.  Finally, 
the software is used in the design of an array 
appropriate for large area inspection of 
composite materials. 
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9:10 AM 
 
Design by Simulation of the UT Array 
Inspection of a Nozzle with a Flexible Probe: 
Definition of 3D Trajectories and Focusing 
Parameters 
---Arnaud Vanhoye and Olivier Casula, 
Commissariat à l'Energie Atomique, Laboratoire 
d'Instrumentations et Capteurs, Saclay, 
Essonne, France; Dominique Moussebois, 
Laborelec, Electrabel Qualification Body, 
Linkebeek, Belgium 
 
---The inspection of 3D components such as the 
nozzle requires overcoming the difficulties due 
to the complex geometry.  The use of flexible 
array has been proven to be an efficient solution 
allowing to compensate the effect of the varying 
profile and to ensure the quality of the ultrasonic 
beam transmitted in the material along the probe 
scanning. The definition of the trajectory of the 
probe and of the focusing parameters 
(parameters inputted in the delay law 
calculations) is allowed by using a flexible probe 
on this evolving geometry (saddle) compared to 
solid wedge probe. In this communication we 
present a study performed in the case of the 
inspection of a weld in a nozzle using a flexible 
array. This study aims at ensuring an efficient 
coverage of the region of interest around the 
weld based on software tools. These tools allow 
calculation of efficient trajectory and focusing 
parameters.  A strategy has been implemented 
in order to minimize the number of delay laws 
applied to reach this coverage. The probe 
performances have been assessed by using the 
CIVA software to detect notch located in the 
interested area.  
9:30 AM 
 
Surface-Adaptive Ultrasound (SAUL) for 
Phased-Array Inspection of Composite 
Specimens with Curved Edges and Complex 
Geometry 
---Deborah L. Hopkins, Guillaume A. Neau, 
and Wayne V. Johnson, BERCLI Corp., 
Berkeley, CA 94703; Laurent Le Ber, M2M, Les 
Ulis, France 
 
---Initial results presented previously 
demonstrated the promise of Surface-Adaptive 
Ultrasound (SAUL) for addressing many of the 
inspection challenges posed by complex 
composite parts.  These challenges include 
curved and highly contoured surfaces, 
substantial changes in thickness and geometry, 
and greater part-to-part variation than is typically 
found with metal components.  For the surface-
adaptive technique, all elements of the probe 
are fired in transmission and the specimen 
shape is measured from the front-surface 
echoes.  An iterative process is used to adapt 
the signals to obtain shape-corrected scans on 
the fly.  Because the technique is applied in real 
time, it is well suited to automated inspections.  
Presented here are results of experiments 
designed to further determine the degree to 
which SAUL can mitigate the challenges of 
complex geometry, variability of parts, and 
misaligned probes, as well as to quantify 
resolution, detection and sizing capabilities for 
realistic components.  For composite tubes with 
tight radii, defects as small as 1/8 inch (3.2 mm) 
were successfully imaged in radii as small as 1/4 
inch (6.4 mm) using SAUL with a linear probe.  
Results are presented showing how defect 
detection and sizing are affected by varying the 
position of the phased-array probes with and 
without application of SAUL. 
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9:50 AM 
 
NDT Process Using Lamb Waves Generated 
and Detected by Ultrasonic Phased Array 
Probes for the Detection of Defects in 
Metallic and Composite Plates 
---Alban Leleux and Michel Castaings, 
University Bordeaux, I2M, UMR 5295, F-33400 
Talence, France; CNRS, I2M, UMR 5295, F-
33400 Talence, France; Arts et Métiers, 
ParisTech, I2M, UMR 5295, F-33400 Talence, 
France; Philippe Micheau, Université de 
Sherbrooke, Mechanical Engineering 
Department, 2500 boul. de l'Université, J1K 
2R1, Québec, Canada  
 
---A technique for the generation and detection 
of Lamb waves guided along large plate-like 
structures made of various types of materials 
(metal and fiber-reinforced composite) is 
presented.  One multi-element matrix ultrasonic 
probe is driven using the well-known Phased 
array principle, for launching/detecting pure 
Lamb modes in/from different directions along 
the plate.  That probe is gel-coupled at a fixed 
position at one surface of the plate, and is 
therefore not permanently attached to the tested 
structure.  The technique takes into account the 
frequency and angular dispersive effects of the 
wave modes, and is shown to allow rapid 
inspection of large structures, including of zones 
with limited access, from one remote fixed 
position of the probe.  The set-up and principle 
of the process are presented, as well as its 
measured performances in terms of mode 
selectivity and directivity.  Finally the detection 
and localization of a through-thickness hole in a 
large aluminum plate, and of delamination-like 
defect in a carbon epoxy composite plate are 
shown. 
10:30 AM 
 
Comparison of Ultrasonic Array Imaging 
Algorithm for Non-destructive Evaluation 
---Jie Zhang, Bruce W. Drinkwater, and Paul D. 
Wilcox, Department of Mechanical Engineering, 
University Walk, University of Bristol, Bristol BS8 
1TR, United Kingdom 
 
---Ultrasonic array imaging algorithms have 
been widely used and developed in non-
destructive evaluation in the last 10 years.  In 
this paper, three widely-used imaging algorithms 
(Total Focusing Method (TFM), Phase Coherent 
Imaging (PCI), and Spatial Compounding 
Imaging (SCI)) are compared through both 
simulation and experimental measurements.  In 
the simulation, array data sets were generated 
by using a hybrid forward model containing a 
single defect amongst a multitude of randomly 
distributed point scatterers to represent 
backscatter from material microstructure.  The 
number of point scatterers per unit area and 
their scattering amplitude were optimized to 
reduce computation cost.  The Signal to Noise 
Ratio (SNR) of the finial images and their 
resolution were used to indicate the quality of 
the different imaging algorithms.  The images of 
different types of defect (point reflectors and 
planar cracks) were used to investigate the 
robustness of the imaging algorithms.  It is 
shown that PCI can yield higher image 
resolution than the TFM, but that the images of 
cracks are distorted.  Overall, the TFM is the 
most robust algorithm for different types of 
defects.  It is also shown that the detection limit 
of all three imaging algorithms is almost equal 
for weakly scattering defects.  
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10:50 AM 
 
Phased Array Ultrasonic Processings for 
Enhanced and Affordable Diagnosis 
---N. Dominguez*, S. Mahaut, F. Reverdy, G. 
Rougeron, and S. Leberre, CEA-LIST, DISC, 
Gif-sur-Yvette, France; *EADS, Innovation 
Works, Toulouse, France 
 
---Phased array ultrasonic reconstruction 
techniques are often presented as a prospect for 
better and enhanced diagnosis.  However to 
date few applications of these techniques can be 
found in the industry, partly because of 
questions on sizing but also because they often 
require heavy acquisitions.  A way forward is 
then to propose techniques requiring less 
intensive data acquisition to make them broadly 
affordable in practice.  Several approaches 
ranging from full matrix capture to paintbrush 
acquisitions are presented in this paper in 
combination with associated reconstruction 
processings like the Total Focusing Method 
(TFM) and the Time Domain Topological Energy 
(TDTE) techniques.  Emphasis is given to their 
relative relevancies and practical applicability on 
typical configurations of interest for industries.  
The paper also presents recent efforts made on 
the acceleration of processing computation 
times, in particular through the use of GPU 
architectures.  
11:10 AM 
 
Defects Detection in Thin Components Using 
Two-Dimensional Ultrasonic Arrays 
---Alexander Velichko, Paul D. Wilcox, and 
Bruce W. Drinkwater, University of Bristol, Dept. 
of Mechanical Engineering, Bristol, United 
Kingdom 
 
---The use of 2D ultrasonic arrays provides great 
flexibility, as one array probe allows a given 
defect to be illuminated from a wide range of 
angles.  However, there are a number of 
challenges in the application of 2D arrays to 
detection and characterization of 3D defects in 
thin sections.  For example, near surface defects 
can be masked by the back wall echo.  Also the 
back wall itself can be a major source of imaging 
artifacts.  Therefore, the array parameters such 
as frequency and array geometry (element 
pattern, spacing, size) have to be carefully 
chosen in order to meet the performance 
requirements.  In practice it is typically required 
to maximize array coverage and increase array 
sensitivity.  On the other hand there are 
manufacturing constrains on the possible array 
design (inter-element distance, limited number 
of array elements).  In the current paper the 
problem of finding the optimal array 
configuration is investigated.  The efficient FE 
scattering model is used to simulate an 
ultrasonic array response for different 3D 
defects.  The data provided by this model is then 
used to analyze the influence of different 
parameters on the array performance (signal to 
noise ratio, sensitivity, resolution).  Finally, 
experimental results are shown that illustrate the 
imaging performance of different 2D array 
configurations.   
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11:30 AM 
 
Characterization of Inhomogeneous and 
Anisotropic Steel Welds by Ultrasonic Array 
Measurements 
---Zheng Fan and Michael J. S. Lowe, Imperial 
College, Mechanical Engineering, London, 
United Kingdom 
 
---Austenitic welds are difficult to inspect non-
destructively by ultrasound due to the 
anisotropic and inhomogeneous material in the 
weld, which causes spatial deviation of 
ultrasonic beams. A common way to describe 
such material is to consider it as transversely 
isotropic, in which the plane perpendicular to the 
direction of the grain growth is considered to be 
isotropic. Therefore a weld performance map 
which indicates the orientation of the grain 
growth can be used to describe the material 
properties in the weld. In our work, we have 
chosen a weld map based on the parameters of 
the MINA model (previously published by others) 
which uses the information of the welding 
procedure and rules for crystalline growth to 
predict the orientations, and thus has a good 
physical foundation.  We have compared the 
measured grain orientations for a realistic weld 
with the predictions from the model. With this 
model, only a small number of parameters are 
used to describe the weld properties,  therefore 
enabling the possibility of a well conditioned 
refining process to determine the weld map from 
ultrasonic measurements. We have 
demonstrated the feasibility of doing this, using 
a ray tracing model, and both simulated and 
experimental measurements. 
11:50 AM 
 
Acoustic Field Computation of Ultrasonic 
Phased Array Based on Space Impulse 
Response 
---Lijiu Wang, Chunguang Xu, Xipeng Li, 
Dingguo Xiao, and Zhongzhu Liu, Beijing 
Institute of Technology, Key Laboratory of 
Fundamental Science for Advanced Machining, 
Beijing, China; Zhongzhu Liu, North University 
of China, School of Mechanical Engineering and 
Automation, Taiyuan, Shanxi, China 
 
---The Spatial Impulse Response theoretical 
expressions of transmitting aperture for simple 
element was studied and transmitting acoustic 
field of that was calculated by using space 
impulse response method.  According to 
Huygens’ theory, non-focusing and focusing 
transmitting acoustic field were calculated and 
phased focusing theory was validated.  The 
results show that the function of single channel 
and multi-channels transmission can be 
achieved with the method and the distributed 
condition of transmitting acoustic field can be 
known accurately.  It provides a theoretical 
reference for analyzing the characteristic of 
phased array transducer. 
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SESSION 25 
CODA WAVES 
P. Shokouhi and E. Niederleithinger, Co-Chairpersons 
Grand Mesa Ballroom A 
 
 
  8:30 AM Extracting Time-Lapse Changes from Coda Wave Interferometry 
---R. Snieder, Center for Wave Phenomena, Colorado School of Mines, Golden, CO 80401-1887 
 
  9:10 AM Ambient Noise Based Monitoring of Piton De La Fournaise Volcano 
---E. Pomponi, Institute for Geophysics and Geology, University Leipzig, Leipzig, Germany;  
C. Sens-Schönfelder, Sektion 2.4, Seismologie, GeoForschungsZentrum Helmholtz-Zentrum 
Potsdam, Potsdam, Germany 
   
  9:30 AM A Review of Coda Wave Interferometry in Concrete 
---E. Larose and T. Planes, ISTERRE, CNRS & Univ. of Grenoble, BP 53, 38041 Grenoble Cedex, 
France 
 
  9:50 AM Stress- and Damage-Induced Changes in Ultrasonic Diffusion Parameters and Coda Wave 
Velocities in Concrete 
---P. Shokouhi, BAM – Federal Institute for Material Research and Testing, Dept. 8.0,  
Non-Destructive Testing, Berlin, Germany 
 
10:10 AM Break 
 
10:30 AM Influence of Small Temperature Variations on the Ultrasonic Velocity in Concrete 
---C. Wunderlich and E. Niederleithinger, BAM Federal Institute for Materials Research and 
Testing, Berlin, Germany 
  
10:50 AM Study of Concrete’s Behavior Under 4-Points Bending Load by Using Thermally 
Compensated Coda Wave Interferometry (CWI) Analysis 
---Y. Zhang, O. Abraham, X. Chapeleau, L.-M. Cottineau, and O. Durand, LUNAM Université 
IFSTTAR, MACS CS4, F-44344 Bouguenais Cedex, France; V. Tournat, Université du Maine, 
LAUM - CNRS 6613, Avenue O. Messiaen, 72085 Le Mans, France; A. Le Duff, Groupe ESEO,  
4 rue Merlet de la Boulaye, 49009 Angers, France; B. Lascoup, Parc Universitaire Laval-Changé, 
ESTACA, Rue Georges Charpak, 53061 Laval, France 
 
11:10 AM LOCADIFF:  Locating Weak Changes in Concrete with Diffuse Ultrasounds 
---T. Planes and E. Larose, ISTERRE, CNRS & Grenoble University, BP 53, 38041 Grenoble 
Cedex, France; V. Rossetto, LPMMC, CNRS & Grenoble University, BP 53, 38042 Grenoble 
Cedex, France; L. Margerin, IRAP, CNRS & University of Toulouse, 14 av E Belin, 31400 
Toulouse, France 
  
11:30 AM Physical Relation Between Coda Wave Analysis and Fabric Change in Multiphase, Granular 
Material 
---F. Wuttke, Bauhaus-Universität Weimar, Faculty of Civil Engineering, Chair, Geomechanical 
Modelling, 99421, Weimar, Germany 
  
11:50 AM Focusing Air-Borne Waves Using a Parabolic Reflector in Air-Coupled Impact-Echo Test 
---J. Zhu and Y.-T. Tsai, The University of Texas at Austin, Department of Civil, Architectural and 
Environmental Engineering, Austin, TX 78712; M. R. Haberman, The University of Texas at Austin, 
Applied Research Laboratories, Austin, TX 78712 
 
12:10 PM Lunch 
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8:30 AM 
 
Extracting Time-Lapse Changes from Coda 
Wave Interferometry 
---Roel Snieder, Center for Wave Phenomena, 
Colorado School of Mines, Golden, CO 80401-
1887 
 
---Strongly scattered waves have a longer wave 
path than directly transmitted waves, and hence 
are more sensitive to changes in the medium.  
This sensitivity can be used to monitor time-
lapse changes in media through coda wave 
interferometry.  This can be applied to 
ultrasound measurements of rock samples, 
natural hazards, monitoring the stress in a 
mining environment, and engineering.  Coda 
wave interferometry is particularly useful when 
combined with the extraction of the system 
response from noise.  I present examples of 
changes in the shear velocity in Japan after the 
2011 Tohoku-Oki earthquake, and of seasonal 
changes in the subsurface.  
9:10 AM 
 
Ambient Noise Based Monitoring of Piton De 
La Fournaise Volcano 
---Eraldo Pomponi, Institute for Geophysics 
and Geology, University Leipzig, Leipzig, 
Germany; Christoph Sens-Schönfelder, Sektion 
2.4, Seismologie, GeoForschungsZentrum 
Helmholtz-Zentrum Potsdam, Potsdam, 
Germany 
 
---Exploiting the capability of the seismic noise 
correlation method to detect small velocity 
changes in the medium we show that before the 
eruption of Piton de la Fournaise Volcano in 
October 2010 a clear variation of this parameter 
is observed.  Therefore its continuous 
monitoring could represent an important step 
ahead for our ability to forecast an eruption.  
Moreover, through a simple inversion scheme 
based on a delta function kernel and a 
successive interpolation on a regular grid, we 
are able to produce a qualitative velocity change 
tomography of the area of interest.  This 
method, although not point-wise accurate, 
produce a computationally inexpensive 
tomography of the velocity variation that still 
gives us a clear picture of the underlying 
phenomenon.  The aim of this paper is to 
present our preliminary results and a set of tools 
that we developed to produce them, especially a 
fully graphical environment where it is possible 
to deploy a complete seismic noise correlation 
based application.  Our results, achieved in an 
innovative seismic application development 
environment, clearly indicate the capability of the 
seismic noise correlation method to improve our 
understanding of the eruption process and 
related stress redistributions to advance our 
ability to forecast an upcoming eruption.   
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9:30 AM 
 
A Review of Coda Wave Interferometry in 
Concrete 
---Eric Larose and Thomas Planes, ISTERRE, 
CNRS & Univ. of Grenoble, BP 53, 38041 
Grenoble Cedex, France 
 
---Concrete is a multicomposite material made of 
centimetric gravel, millimetric sand and 
micrometric cement. At low frequency (below 50 
kHz in most cases), ultrasound propagate in 
concrete without suffering too much of scattering 
and attenuation. At higher frequencies, the 
wavelength is smaller than the size of the 
heterogeneities. The waves strongly interact 
with all the heterogeneities, thus entering in the 
multiple scattering regime. This regime has two 
consequences: 1) it induces a strong attenuation 
of coherent waves (including direct waves and 
ballistic echoes), a feature that disables most 
conventional Imaging techniques ; 2) it also 
induces the onset of late arrival signals 
constituting the ultrasonic coda. The envelope 
(or intensity) of the coda is will-described by the 
diffusion equation. An important feature of coda 
waves is their very high sensitivity of weak 
changes in the medium. We will review several 
applications relying on a precise processing of 
ultrasonic coda obtained in concrete, in the case 
of small thermal and/or stress changes. Practical 
applications for damage assessment will be 
discussed. 
9:50 AM 
 
Stress- and Damage-Induced Changes in 
Ultrasonic Diffusion Parameters and Coda 
Wave Velocities in Concrete 
---Parisa Shokouhi, BAM – Federal Institute for 
Material Research and Testing, Dept. 8.0: Non-
Destructive Testing, Berlin, Germany 
 
---Diffuse ultrasonic measurements are used to 
monitor progressive stress-induced damage in a 
number of concrete specimens. The specimen 
was subjected to uniaxial compression, applied 
in small steps over single or multiple load cycles. 
At each step, the loading was held constant and 
a series of ultrasonic measurements parallel and 
perpendicular to the loading were obtained. The 
measurements were taken during both the 
loading and unloading phases. The time scale of 
the signals was chosen such that the diffuse 
ultrasonic regime could be recorded. The 
parameters governing the diffusion of ultrasonic 
waves in concrete (i.e., diffusivity and 
dissipation) at each loading step were calculated 
and their evolution with the increasing 
load/damage was investigated. Using Coda 
Wave Interferometry (CWI), the corresponding 
changes in the velocity of diffuse ultrasonic 
waves were monitored. The evolution of the 
slope of the CWI velocity-stress curve is 
demonstrated. The shift in the frequency content 
of the ultrasonic waves was also investigated. 
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10:30 AM 
 
Influence of Small Temperature Variations on 
the Ultrasonic Velocity in Concrete 
---Carolin Wunderlich and Ernst 
Niederleithinger, BAM Federal Institute for 
Materials Research and Testing, Berlin, 
Germany 
 
---Ultrasonic methods are valuable tools for 
quality assessment and structural imaging of 
concrete quality.  In such applications, accurate 
and reliable determination of ultrasonic wave 
velocities is essential, as they are affected by 
various experimental and environmental factors. 
In this research Coda Wave interferometry 
(CWI) was used to determine the influence of 
temperature (10 to 50° C) on ultrasonic wave 
velocity in concrete samples.  A resolution of 
better than 10-2 % was achieved in the 
measurement of relative velocity changes.  
Reversibility and repeatability as well as the 
influence of moisture were taken into account.  
In addition the influence of sensor (transmitter 
and receiver) positioning errors on the results of 
the interferometric algorithm was evaluated as 
well as the benefit of newly developed, 
permanently embedded sensors.  The presented 
results can be used to correct and refine data 
from monitoring systems. 
10:50 AM 
 
Study of Concrete’s Behavior Under 4-Points 
Bending Load by Using Thermally 
Compensated Coda Wave Interferometry 
(CWI) Analysis 
---Y. Zhang, O. Abraham, X. Chapeleau, L.-M. 
Cottineau, and O. Durand, LUNAM Université 
IFSTTAR, MACS CS4, F-44344 Bouguenais 
Cedex, France; V. Tournat, Université du Maine, 
LAUM - CNRS 6613, Avenue O. Messiaen, 
72085 Le Mans, France; A. Le Duff, Groupe 
ESEO, 4 rue Merlet de la Boulaye, 49009 
Angers, France; B. Lascoup, Parc Universitaire 
Laval-Changé, ESTACA, Rue Georges 
Charpak, 53061 Laval, France 
 
---Four-points bending test is widely used in the 
study of brittle material's mechanical properties, 
such as concrete.  By subjecting concrete beam 
to four-point bending load, a non-uniform stress 
field is created, which contains both 
compressive and tensile stress.  As a 
manifestation of concrete's elastic nonlinearity 
(acousto-elastic), these changes of internal 
stress levels cause variation in concrete's 
propagation velocity.  Thermally-compensated 
Coda Wave Interferometry (CWI) is used in this 
experiment to study the internal stress field by 
following the stress-induced velocity variation.  
We show that CWI is an ultrasonic NDT method 
suitable for complex material such as concrete 
that can precisely measure small propagation 
velocity variation (0.01%). Combined with a 
validated thermal-compensation technique, CWI 
is less influenced by environmental context and 
providing more reliable and precise 
measurement of stress-induced velocity 
variation.  Embedded optical-fiber sensors, 
strain gauges and thermal-couples are used in 
the experiment, in order to confirm and validate 
the CWI analysis result by evaluating the 
internal strain field and temperature fluctuations. 
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11:10 AM 
 
LOCADIFF:  Locating Weak Changes in 
Concrete with Diffuse Ultrasounds 
---Thomas Planes and Eric Larose, ISTERRE, 
CNRS & Grenoble University, BP 53, 38041 
Grenoble Cedex, France; Vincent Rossetto, 
LPMMC, CNRS & Grenoble University, BP 53, 
38042 Grenoble Cedex, France; Ludovic 
Margerin, IRAP, CNRS & University of 
Toulouse, 14 av E Belin, 31400 Toulouse, 
France 
 
---This article presents an imaging technique to 
locate a weak perturbation in a multiple 
scattering environment. We particularly focus on 
concrete probed by ultrasound. We derive a 
formula to predict the spatiotemporal 
decorrelation of diffuse coda waves induced by 
an extra scatterer. Locating this new defect is 
formulated as an inverse problem which is 
solved by a maximum likelihood approach. 
Using elastic waves in the 50–400 kHz 
frequency band, we recover the position of 
millimetric holes drilled in a concrete sample 
with a precision of a few centimeter. Note that 
the size of the defect is comparable to the size 
of the myriads of heterogeneities constituting the 
sample.  
11:30 AM 
 
Physical Relation Between Coda Wave 
Analysis and Fabric Change in Multiphase, 
Granular Material 
---Frank Wuttke, Bauhaus-Universität Weimar, 
Faculty of Civil Engineering, Chair, 
Geomechanical Modelling, 99421, Weimar, 
Germany 
 
---The monitoring of fabric changes in porous 
structures is an important factor for geotechnical 
identification to detect fabric soil change.  If 
these changes are small, the detection can be a 
challenge by use of conventional dynamic or 
acoustic methods.  Under use of Coda-wave 
Interferometry the changes can detected as 
velocity gradients, but to use this information in 
engineering fields a further transfer by use of 
constitutive relations is needed.  This article 
presents some physical relations for multiphase 
material in Geomechanics based on, e.g. 
different Hertzian contact models.  The study 
covers relations for stress change, humidity 
change, creep and cementation processes.  All 
test were validated between sufficient 
experimental test and numerical simulations.  To 
analyze the given relation a specific laboratory 
equipment in triaxial and large cell tests were 
performed.  Beside different pressures, a control 
of internal matric and net stress is needed.  That 
control requires an isotropic pressure control 
outside of the granular material and a control of 
water and air pressure inside of the granular 
material.  In comparison to conventional 
acoustic laboratory investigation methods, the 
coda wave interferometry coupled with 
geomechanical constitutive relations is much 
more sensitive, not subjective influenced testing 
method to detect small changes in multi-phase 
granular material. 
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11:50 AM 
 
Focusing Air-Borne Waves Using a Parabolic 
Reflector in Air-Coupled Impact-Echo Test 
---Jinying Zhu and Yi-Te Tsai, The University of 
Texas at Austin, Department of Civil, 
Architectural and Environmental Engineering, 
Austin, TX 78712; Michael R. Haberman, The 
University of Texas at Austin, Applied Research 
Laboratories, Austin, TX 78712 
 
---Surface wave and impact-echo (IE) test are 
commonly used for non-destructive evaluation 
(NDE) of concrete structures to extract 
information about material property and interior 
delaminations. Traditional methods in civil 
engineering employ a point impactor to generate 
the waves while contact sensors measure the 
resulting out-of-plane motion. Though well-
established, this methodology does not lend 
itself to efficient scanning of large areas, which 
is critical for monitoring the safety of 
infrastructure. The ability to detect these two 
wave types through in-air sensing of Leaky 
Rayleigh or air-borne impact echo mode can 
greatly accelerate NDE for large structures. 
Unfortunately, air-coupled sensing suffers from 
significantly decreased signal amplitude. This 
paper presents theoretical analysis and 
experimental validation efforts to amplify in-air 
signals resulting from Leaky Rayleigh waves 
and IE modes using a parabolic focusing 
reflector. A time-domain impulse response to the 
Kirchhoff-Helmholtz integral equation is 
presented that permits the analysis of discrete 
arrivals from each wave type and estimation of 
the expected focusing gain and depth of field 
based on the geometry of the parabolic reflector. 
Analytical and numerical solutions in time-
domain are compared with time-harmonic 
solutions taken from the literature and 
experimental results. 
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SESSION 26 
NDE FOR COMPOSITES AND ADVANCED MATERIALS 
C. Leckey, NASA Langley Research Center, Chairperson 
Grand Mesa Ballroom C 
 
 
  8:30 AM Anisotropic EFIT: Ultrasound Interaction with Damage in Composite Laminates 
 ---C. A. C. Leckey, M. D. Rogge, and R. F. Parker, NASA Langley Research Center, Hampton, 
VA 23681-2199 
 
  8:50 AM Modeling the Effects of Beam Size and Flaw Morphology on Ultrasonic Pulse/Echo Sizing of 
Delaminations in Carbon Composites 
---F. J. Margetan and D. J. Barnard, Iowa State University, Center for NDE, 1915 Scholl Road, 
Ames, IA 50011; C. A. C. Leckey, NASA Langley Research Center, Nondestructive Evaluation 
Sciences Branch, Hampton, VA 23681-2199 
 
  9:10 AM Computational Modeling of Micro-Crack Induced Attenuation in CFRP Composites 
---R. A. Roberts, Iowa State University, Center for NDE, 1915 Scholl Road, Ames IA 50014;  
C. A. C. Leckey, NASA Langley Research Center, Hampton, VA, 23681-2199 
  
  9:30 AM Damage Characterization of Carbon/Epoxy Laminates Using Compression-After-Impact 
(CAI) and Ultrasonic NDE 
---A. Subramanian, V. Dayal, and D. J. Barnard, Iowa State University, Center for NDE, 1915 
Scholl Road, Ames, IA 50011 
 
  9:50 AM µ-Computed Tomography as a Non-Destructive Testing Tool for CFRP Characterization 
---R. Stoessel and D. Kiefel, EADS Deutschland GmbH, CTO IW-SP HG, 81663 Munich, Germany 
  
10:10 AM Break 
 
10:30 AM Static and Fatigue Damage Non Destructive Evaluation of Polymer and Metal Matrix 
Composites by Means of Hysteretic Nonlinear Ultrasound Using Embedded Piezoelectric 
Sensors  
  ---R. El Guerjouma, M. Bentahar, Y. Baccouche, and A. El Mahi, Laboratoire d'Acoustique de 
l'Université du Maine LAUM, UMR CNRS 6613, Le Mans, France 
 
10:50 AM Non-Destructive Evaluation of Degradation in EB-PVD Thermal Barrier Coatings by 
Reflectance Spectroscopy  
---A. Cooney and R. Flattum, Air Force Research Laboratory, Non-Destructive Evaluation Branch, 
Dayton, OH 45469 
 
11:10 AM Ultrasonic Assessment of Bonding Integrity in Foam-Based Hybrid Composite Materials 
---M. Y. Chen1, R. T. Ko2, W. C. Hoppe2, and J. L. Blackshire1, 1Air Force Research Laboratory, 
Wright-Patterson Air Force Base, OH 45433; 2University of Dayton Research Institute, 300 College 
Park, Dayton, OH 45469 
 
11:30 AM Bio-Inspired Sensory Membrane: Fabrication Processes for Full-Scale Implementation 
---H. Saleem and S. Laflamme, Iowa State University, Department of Civil, Construction, and 
Environmental Engineering, Ames, IA 50011; M. Kollosche, Potsdam University, Institut für Physik 
und Astronomie, Potsdam 14469, Germany; M. Thunga and M. Kessler, Iowa State University, 
Department of Materials Science and Engineering, Ames, IA 50011 
 
11:50 AM Instrumentation Development for Electrical Conductivity Imaging in Polycrystalline Diamond 
Cutters 
---G. Bogdanov and R. Ludwig, Worcester Polytechnic Institute, Department of Electrical and 
Computer Engineering, Worcester, MA 01609; J. Wiggins, J. Rhodes, and K. Bertagnolli, US 
Synthetic, Orem, UT 84058 
 
12:10 PM Lunch  
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8:30 AM 
 
Anisotropic EFIT: Ultrasound Interaction with 
Damage in Composite Laminates 
---Cara A. C. Leckey, Matthew D. Rogge, and 
Raymond F. Parker, NASA Langley Research 
Center, Hampton VA 23681 
 
---The increased use of large-scale composite 
components in aircraft and space 
vehicles/systems is expected to continue as the 
aerospace industry develops next generation 
vehicles.  As the shift towards more extensive 
use of weight-savings composite materials 
occurs, it is important that the damage types 
(such as delaminations and microcracking) and 
failure modes for these material systems are 
understood.  Development of large scale 
nondestructive evaluation (NDE) and health 
monitoring techniques for composite structures 
is currently a research focus at NASA.  Modeling 
and simulation tools can assist in the 
optimization of health monitoring and NDE 
methods and provide insight into the physics 
behind unexpected features in experimental 
data.  In a move towards expanding our 
ultrasonic simulation capabilities for composites, 
we have developed and implemented 3-
dimensional (3D) elastodynamic finite integration 
code for anisotropic composite laminates made 
up of orthotropic ply layers.   We describe our 
model validation techniques, including 
comparisons to experimental laser vibrometer 
data.  We will also show results for simulated 
ultrasonic wave interactions with 3D 
microcracks, where we directly incorporated x-
ray microtomography microcrack data into the 
EFIT simulations.  Lastly, the presentation will 
discuss our plans to move beyond simple plate 
geometries and apply the finite integration 
technique to complex 3D composite structures. 
8:50 AM 
 
Modeling the Effects of Beam Size and Flaw 
Morphology on Ultrasonic Pulse/Echo Sizing 
of Delaminations in Carbon Composites 
---Frank J. Margetan and Daniel J. Barnard, 
Center for Nondestructive Evaluation, Iowa 
State University, Ames, IA 50011; Cara A. C. 
Leckey, NASA Langley Research Center, 
Nondestructive Evaluation Sciences Branch, 
Hampton, VA 23681-2199 
 
---The size and shape of a delamination in a 
multi-layered structure can be estimated in 
various ways from an ultrasonic pulse/echo 
image.  For example the -6B contours of 
measured response provide one simple estimate 
of the boundary.  A more sophisticated approach 
is to adjust the proposed boundary to bring 
measured and predicted UT images into optimal 
agreement.  This requires suitable models for 
the inspection process.  In this paper we explore 
issues pertaining to model-based size estimation 
for delaminations in graphite fiber reinforced 
laminates.  In particular we consider the 
influence on sizing when the delamination is 
non-planar or partially transmitting in certain 
regions.  Two models for predicting broadband 
sonic time-domain responses are used: (1) a 
paraxial beam propagation model for 
homogeneous anisotropic material combined 
with a Kirchhoff scattering model; and (2) a more 
general and more exact 3D elastodynamic finite 
integration technique (EFIT) wherein the model 
specimen is partitioned into fine voxels.  Model 
calculations are compared to measurements on 
artificial delaminations in uniaxial composite 
plates, and the effects of flaw morphology on 
sizing are discussed.---This work was partially 
supported by the NSF Industry/University 
Cooperative Research program and partially 
supported by NASA under award NNX07AM15A 
and is performed at the Center for 
Nondestructive Evaluation at Iowa State 
University. 
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9:10 AM 
 
Computational Modeling of Micro-Crack 
Induced Attenuation in CFRP Composites 
---R. A. Roberts, Center for NDE, Iowa State 
University, Ames IA 50014; C. Leckey, NASA 
Langley, Hampton, VA, 23681 
 
---This paper reports on ongoing computational 
work to quantify the dependence of ultrasonic 
attenuation on distributed micro-cracking in 
carbon fiber reinforced polymer (CFRP) 
composites laminates.  Damage in composites 
such as from light impact often initiates as a 
distribution of small cracks contained within 
individual laminate plies, oriented approximately 
perpendicular to ply interfaces, and spanning the 
ply thickness.  When subjected to subsequent 
cyclic loading, crack growth will turn to follow ply 
interfaces, with multiple cracks coalescing into 
large-scale ply delamination.  The work 
presented here is motivated by the desire to 
detect damage early in the micro-crack state by 
noting its effect on ultrasonic attenuation.  To 
this end, computational models of 
ultrasound/crack interaction are being 
developed.  Boundary integral equation (BIE) 
formulations are being applied to examine 
varying degrees of multiple scattering 
interactions, to identify an appropriate 
approximate model.  Approximate model 
predictions are being benchmarked against 
explicit PDE solutions using the elastodynamic 
finite integration technique (EFIT).  Results are 
generated using crack distributions guided by 
micro-graphs and CT scans of actual laminate 
damage.  Preliminary results indicate that 
consideration of second order scattering (first 
level of multiple scattering) yields an effective 
prediction of initial transmitted pulse amplitude 
for crack densities typical of the early damage 
state.  The presentation will briefly summarize 
model formulation, then present predictions of 
attenuation as a function of micro-crack density, 
for uni-directionally reinforced and cross-ply 
laminates.  A full discussion of the BIE problem 
formulation is being presented in an 
accompanying poster presentation.---This 
material is based on work supported by NASA 
under award NNX07AM15A and is performed at 
the Center for Nondestructive Evaluation at Iowa 
State University. 
9:30 AM 
 
Damage Characterization of Carbon/Epoxy 
Laminates Using Compression-After-Impact 
(CAI) and Ultrasonic NDE 
---Ajith Subramanian, Vinay Dayal, and Daniel 
J. Barnard, Iowa State University, Center for 
NDE, 1915 Scholl Road, Ames, IA 50011 
 
---The necessity to characterize damage within 
composite laminates has grown with their ever-
increasing application in several industries.  Out-
of-plane impact loads are one of the most 
common ways by which damage is introduced 
within a composite.  A visual study of impact 
damage morphology in unidirectional 
carbon/epoxy laminates was performed.  
Samples were then subjected to axial, in-plane 
compression to observe the growth of damage, 
failure modes, and residual strength.  Samples 
were scanned before, during, and after CAI by 
using various ultrasonic methods, such as pulse-
echo, air-coupled through-transmission and 
acoustic emission.  The data is then analyzed to 
find indicators for the two primary damage 
modes: matrix micro-cracking and delamination.  
The NDE results are then correlated to the 
stiffness loss of the laminates.---This material is 
based upon work supported by the Air Force 
Research Laboratory under Contract # FA8650-
04-C-5228 at Iowa State University's Center for 
Nondestructive Evaluation.   
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9:50 AM 
 
µ-Computed Tomography as a Non-
Destructive Testing Tool for CFRP 
Characterization 
--- Rainer Stoessel and Denis Kiefel, EADS 
Deutschland GmbH, CTO IW-SP HG, 81663 
Munich, Germany 
 
---So far Computed Tomography (CT) methods 
were mainly used for metal applications.  A 
promising option is the usage of µ-CT inspection 
of Carbon Fiber Reinforced Polymer (CFRP).  
Besides defect detection it is becoming more 
and more of interest to characterize the inner 
structure and to provide information for design.  
At EADS Innovation Works we operate a µ-
Computed Tomography system.  It is designed 
especially for CFRP testing.  In addition it is an 
open system so that different kinds of 
acquisition, reconstruction, and data evaluation 
tools can be used.  In this paper the results 
obtained with this system and the evaluation 
tools will be presented.  This includes gray-scale 
selective reconstruction, porosity and crack 
evaluation as well as main orientation analysis. 
10:30 AM 
 
Static and Fatigue Damage Non Destructive 
Evaluation of Polymer and Metal Matrix 
Composites by Means of Hysteretic 
Nonlinear Ultrasound Using Embedded 
Piezoelectric Sensors  
---R. El Guerjouma, M. Bentahar, Y. 
Baccouche, and A. El Mahi, Laboratoire 
d'Acoustique de l'Université du Maine LAUM, 
UMR CNRS 6613, Le Mans, France 
 
---In this paper, we report Hysteretic Nonlinear 
Ultrasonic techniques to monitor static and 
fatigue damage in polymer and metal matrix 
composites. We use some nonlinear hysteretic 
features as Resonance frequency shift and Q-
factor change as a function of the peak 
amplitude to monitor damage progression in 
metal and polymer-based composites subjected 
to static and fatigue loads. Besides, damage is 
monitored using the Acoustic Emission (AE) 
generated by the material during the damage 
process. Furthermore we have investigated 
Acoustical Slow Dynamics (ASD) as new 
damage indicator. ASD corresponds to the 
response of the material when an external high 
drive harmonic acoustic stressing applied to the 
material is removed. In the case of hysteretic 
materials, the initial properties are not recovered 
instantaneously but take a given time, which 
depends on the materials integrity. In this 
contribution we report ASD results of metal and 
a polymer-based composites progressively 
damaged. AS  D and frequency shift have been 
found to be very sensitive to damage creation 
and development for both composites. ASD and 
frequency shift measurements are correlated to 
AE data. With the help of a classification 
procedure of AE hits, damage mechanisms are 
discrimined and then correlated to the global 
material nonlinear features. The nonlinear 
damage indicators are related to the 
microstructure change, especially, micro-
cracking. This is supported by TEM observation. 
This technique has potential to assess the 
damage advance and to predict the static and 
fatigue fracture. This work shows the relevance 
of this approach in developing new highly 
sensitive methods for Non Destructive Testing 
and Structural Health Monitoring purpose as the 
sensors are embedded to the samples.  
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10:50 AM 
 
Non-Destructive Evaluation of Degradation in 
EB-PVD Thermal Barrier Coatings by 
Reflectance Spectroscopy  
---Adam Cooney and Richard Flattum, Air 
Force Research Laboratory, Non-Destructive 
Evaluation Branch, Dayton, OH 45469 
 
---At room temperature and atmospheric 
conditions reflectance spectroscopy and X-ray 
diffraction were employed for the detection of 
the phase transformation and residual stress 
that took place within thermal barrier coatings 
(TBC).  The TBC’s samples initially consisted of 
the porous ceramic topcoat deposited by 
electron beam plasma vapor deposition, a bond 
coat and a superalloy substrate.  Reflectance 
spectroscopy scans were performed from 7497 
cm-1 to 68 cm-1 to analysis the fingerprint 
region as well as the chemical bonding region.  
These regions should determine if a detectable 
change within the TBC response as a result of 
thermal degradation of the microstructure and 
the changes in yttrium concentration.  The 
thermal degradation was induced by thermal 
cycling the samples to 1100° C and then cooling 
them in an atmospheric environment.  X-ray 
diffraction was also used to detect the residual 
stress and the relaxation within the TBC 
samples and see if either would clearly identify 
failure prior to actual spallation occur.  The 
eventual measurability and quantifiable of the 
phase changes or reduction of residual stress 
within the TBC’s being used as an effective non-
destructive evaluation (NDE) technique that 
would allow personnel in the field to know when 
servicing of the turbine blade was necessary.    
11:10 AM 
 
Ultrasonic Assessment of Bonding Integrity 
in Foam-Based Hybrid Composite Materials 
---M. Y. Chen1, R. T. Ko2, W. C. Hoppe2, and J. 
L. Blackshire1, 1Air Force Research Laboratory, 
Wright-Patterson Air Force Base, OH 45433; 
2University of Dayton Research Institute, 300 
College Park, Dayton, OH 45469 
 
---Preliminary results will be presented for the 
ultrasonic assessment of the bonding integrity 
between a composite layer and a foam substrate 
in foam-based hybrid composite materials.  As 
compared to conventional ultrasonic techniques, 
there are two challenges in this task: (1) the 
foam substrate has low acoustic impedance 
similar to air and (2) the generation of surface 
waves on polymeric composites by contact 
methods is often difficult.  For example, to 
generate a surface wave on low velocity 
materials like polymeric composites, typical 
wedge materials like acrylic glass are usually not 
adequate since the ultrasonic velocity of the 
wedge material is too high.  To meet these 
challenges, a novel wedge made of a low 
velocity material has been developed.  Using 
this approach, foam-based hybrid composite 
materials (two types of composite and two types 
of foam) with delamination were examined.  The 
results showed that the bonding condition in 
these composites can be identified by 
monitoring the amplitude of the ultrasonic 
signals received. 
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11:30 AM 
 
Bio-Inspired Sensory Membrane: Fabrication 
Processes for Full-Scale Implementation 
---H. Saleem and S. Laflamme, Iowa State 
University, Dept. of Civil, Construction, and Env. 
Eng., Ames, IA 50011; M. Kollosche, Potsdam 
University, Institut für Physik und Astronomie, 
Potsdam 14469, Germany; M. Thunga and M. 
Kessler, Iowa State University, Dept. of 
Materials Science and Eng., Ames, IA 50011 
 
---Structural Health monitoring (SHM) is a 
process that aims at diagnosing and localizing 
structural damages. Currently, the vast majority 
of SHM is conducted offline, using a 
combination of visual inspections and 
nondestructive evaluation techniques. 
Automating the SHM process would be greatly 
beneficial by decreasing inspection costs, 
allowing timely maintenance, and avoiding 
premature structural failures/breakdowns. In 
prior work, we have introduced a novel, bio-
inspired sensory membrane for automatic SHM. 
The membrane, constituted by a matrix of soft 
capacitors, has the advantages of being 
inexpensive and easy to apply over large-scale 
surfaces, allowing local monitoring over large 
regions. In this paper, we investigate the 
influence of processing methods that dictates 
the performance enhancement in the soft 
capacitor matrix. Styrene Ethylene Butylene 
Styrene (SEBS)/Titanium dioxide (TiO2) based 
nanocomposites are used as model substrates 
for preparing the soft capacitors. The efficiency 
of ultrasonic probe and high-shear melt mixing 
methods in dispersing TiO2 nanoparticles in 
SEBS polymer matrix is studied, and scanning 
electron microscopic (SEM) images are used to 
reveal fine-dispersion of TiO2 particles. After 
dispersion, films are prepared by compression-
molding and drop-cast processing. The 
compression-molding method shows highly 
promising for engineering applications by 
enhancing fabrication speed, safety, and 
improving control over the film thickness. 
11:50 AM 
 
Instrumentation Development for Electrical 
Conductivity Imaging in Polycrystalline 
Diamond Cutters 
---Gene Bogdanov and Reinhold Ludwig, 
Worcester Polytechnic Institute, Department of 
Electrical and Computer Engineering, 
Worcester, MA 01609; Jason Wiggins, Justin 
Rhodes, and Ken Bertagnolli, US Synthetic, 
Orem, UT 84058 
 
---We previously reported on the electrical 
conductivity non-destructive inspection 
methodology for polycrystalline diamond cutters.  
These cylindrical cutters feature a thick 
polycrystalline diamond layer on a tungsten 
carbide substrate; they are primarily deployed in 
oil and gas drilling.  The polycrystalline diamond 
sintering process leaves a small amount of 
metal in the crevices between the diamond 
crystals, rendering the material electrically 
conductive.  The conductivity strongly depends 
on the residual metal content, which in turn 
correlates to manufacturing process parameters 
and cutter performance.  Our measurement 
technique uses electrical impedance 
tomography to estimate the three-dimensional 
conductivity distribution in the diamond table.  In 
this paper we report on our current 
instrumentation development effort to bring this 
inspection methodology to the factory floor.  We 
have devised a novel mechanism that holds the 
sample and brings it in contact with a specially 
designed multi-pin sensor.  This holder is 
capable of accommodating samples of varying 
diameters and heights; it permits reliable 
contacting of the rough polycrystalline diamond 
surface.  Furthermore, we will discuss our 
custom electronics and optimized data 
acquisition sequencing, items that are needed to 
rapidly acquire four-probe resistance data.  
Finally, we will demonstrate that computationally 
intensive, three-dimensional conductivity profiles 
can be generated on high-end PC hardware. 
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SESSION 27 
PROBABILITY OF DETECTION (POD) 
W. Q. Meeker, Iowa State University, Chairperson 
Grand Mesa Ballroom B 
 
 
  8:30 AM Methods for Planning a Statistical POD Study 
---W. Q Meeker1 and Y. M. Koh2, Iowa State University, Ames, IA 50011 1Center for NDE; 
2Department of Statistics 
 
8:50 AM Bayesian Methods in Probability of Detection Estimation and Model-Assisted Probability of 
Detection (MAPOD) Evaluation 
---J. C. Aldrin, Computational Tools, Gurnee, IL 60031; J. S. Knopp, U.S. Air Force Research 
Laboratory, Wright-Patterson AFB, OH 45433; H. A. Sabbagh, Victor Technologies LLC, 
Bloomington, IN 47407 
 
9:10 AM Data Registration for Automated Non-Destructive Inspection with Multiple Data Sets 
 ---T. Tippetts, N. Brierley, and P. Cawley, Imperial College, Mechanical Engineering, London, 
United Kingdom 
  
  9:30 AM Data Fusion for Improving the Reliability of Automated Non-Destructive Inspection 
---N. Brierley, T. Tippetts, and P. Cawley, Imperial College, Mechanical Engineering, London, 
United Kingdom 
 
  9:50 AM A New Approach of Confidence in POD Determination Using Simulation 
---N. Dominguez, C. Reboud, A. Dubois, and F. Jenson, CEA-LIST, DISC, Gif-sur-Yvette, France; 
N. Dominguez, EADS, Innovation Works, Toulouse, France 
  
 10:10 AM Break 
 
10:30 AM A Bayesian Approach for the Determination of POD Curves from Empirical Data Merged with 
Simulation Results 
---F. Jenson and N. Dominguez*, CEA-LIST, DISC, Gif-sur-Yvette, France; P. Willaume and T. 
Yalamas, PHIMECA Engineering, Paris, France; *EADS, Innovation Works, Toulouse, France 
 
10:50 AM Stochastic Collocation Method for Higher Dimensional NDE Problems with Tensor Product 
Grids 
---J. S. Knopp, Air Force Research Labs, Metals, Ceramics and NDE Division, WPAFB, OH 45433; 
M. R. Cherry, University of Dayton Research Institute, Structural Integrity Division, Dayton, OH 
45433 
 
11:10 AM Stochastic-Integral Models for Propagation-of-Uncertainty Problems in Nondestructive 
Evaluation 
---H. A. Sabbagh, R. K. Murphy, and E. H. Sabbagh, Victor Technologies, LLC, Bloomington,  
IN 47407-7706; J. C. Aldrin, Computational Tools, Gurnee, IL 60031; J. S. Knopp and M. P. 
Blodgett, Air Force Research Laboratory (AFRL/RLXP), Wright-Patterson AFB, OH 45433-7817  
 
11:30 AM Benefits of Applying Multiple Inspection Techniques as Determined by Probability of 
Detection on Turbine Blades 
---Y. Guo, K. Bailey, and P. Zombo, Siemens Energy Inc., Orlando, FL 32828  
 
11:50 AM Probability of Detection (POD) is NOT NDT Reliability 
---Ward D. Rummel, 8776 Mountainview Lane, Littleton, CO 80125 
 
12:10 PM Lunch 
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8:30 AM 
 
Methods for Planning a Statistical POD Study 
---William Q Meeker1 and Yew Meng Koh2, 
Iowa State University, 1Center for NDE and 
Department of Statistics, 2Iowa State University, 
Ames, IA 50011 
 
---The most common question asked of a 
statistician is “How large should my sample be?” 
In NDE applications, the most common 
questions asked of a statistician are “How many 
specimens do I need and what should be the 
distribution of flaw sizes?” Although some useful 
general guidelines exist (e.g. in MIK-HDBK 
1823) it is possible to use statistical tools to 
provide more definitive guidelines and to allow 
comparison among different proposed study 
plans. There are two complementary 
approaches for doing assessing proposed POD 
study plans. First, it is possible to obtain 
computable expressions for estimation 
precision, allowing a quick and easy assessment 
of tradeoffs and comparison of various 
alternative plans. Another valuable tool is Monte 
Carlo simulation. In any experimental planning 
exercise, one should simulate data to be 
expected from the proposed study and go 
through the exercise of analyzing the data, 
giving an indication of potential results and 
precision. If the simulation is repeated many 
time, graphical presentation of the results will 
give a first-hand visualization of sampling 
variability that determines estimation precision. 
In this talk we will illustrate the use of these 
complementary tools in the design of a study to 
estimate POD from hit-miss data.---This material 
is based upon work supported by the Air Force 
Research Laboratory under Contract #FA8650-
04-C-5228 at Iowa State University’s Center for 
Nondestructive Evaluation. 
8:50 AM 
 
Bayesian Methods in Probability of Detection 
Estimation and Model-Assisted Probability of 
Detection (MAPOD) Evaluation 
---John C. Aldrin, Computational Tools, 
Gurnee, IL 60031; Jeremy S. Knopp, U.S. Air 
Force Research Laboratory, Wright-Patterson 
AFB, OH 45433; Harold A. Sabbagh, Victor 
Technologies LLC, Bloomington, IN 47407 
 
---Progress is presented on the application of 
Bayesian methods for probability of detection 
(POD) estimation and on model-assisted 
probability of detection (MAPOD) methodology 
for nondestructive evaluation reliability 
assessment.  First, a demonstration of Bayesian 
estimation for an eddy current POD evaluation 
case study is presented for varying model 
parameters (flaw length and depth) and 
compared with the maximum likelihood 
estimation (MLE) approach. Initially, Matlab was 
linked with R and WinBUGS to perform the 
statistical fit with Bayesian method.  However, to 
address more sophisticated physics-based 
model fits, a new capability was developed to 
perform a Bayesian POD evaluation in Matlab.  
Good agreement was demonstrated between 
the Markov Chain Monte Carlo (MCMC) 
simulations in Matlab and WinBUGS.  A series 
of numerical models were constructed and 
solved using VIC-3D to address a variety of 
crack length, crack depths, aspect ratios, cracks 
location, and probe liftoff.  An important 
prerequisite for fitting of the physics-based 
model was developing a fast and accurate 
surrogate model to be called from Matlab.  
Comparisons were made for different models of 
increasing sophistication and different estimation 
approaches (MLE, Bayes).  The POD results 
were found to be sensitive to model selection 
and the role of sample number and model 
complexity was studied.  A discussion is 
presented on the links and differences between 
model-assisted POD evaluation using mixed 
empirical and simulated data and emerging 
Bayesian calibration techniques.  Future work 
will explore the estimation of distributions of 
model parameters using Bayesian methods and 
enhancements to the physics-based model. 
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9:10 AM 
 
Data Registration for Automated Non-
Destructive Inspection with Multiple Data 
Sets 
---Trevor Tippetts, Nicholas Brierley, and Peter 
Cawley, Imperial College, Mechanical 
Engineering, London, United Kingdom 
 
---In many NDE applications, multiple sources of 
data are available covering the same region of a 
part under inspection.  These overlapping data 
can come from intersecting scan patterns, 
sensors in an array configuration, or repeated 
inspections at different times.  In many cases 
these data sets are analysed independently, 
with separate assessments for each channel or 
data file.  It should be possible to improve the 
overall reliability of the inspection by combining 
multiple sources of information, simultaneously 
increasing the Probability of Detection (POD) 
and decreasing the Probability of False Alarm 
(PFA).  Data registration, i.e. mapping the data 
to matching coordinates in space, is both an 
essential prerequisite and a challenging obstacle 
to this type of data fusion.  This paper will 
describe optimization techniques for matching 
and aligning features in NDE data.  Examples 
from automated ultrasound inspection for aircraft 
engine discs will illustrate the approach. 
9:30 AM 
 
Data Fusion for Improving the Reliability of 
Automated Non-Destructive Inspection 
---Nicholas Brierley, Trevor Tippetts, and Peter 
Cawley, Imperial College, Mechanical 
Engineering, London, United Kingdom 
 
---In automated NDE a region of an inspected 
component is typically interrogated several 
times, be it within a single data channel, across 
multiple channels or over the course of repeated 
inspections.  The systematic combination of 
these diverse readings is recognized to provide 
a means to improve the reliability of the 
inspection, for example by enabling noise 
suppression. Specifically, such data fusion 
makes it possible to declare regions of the 
component defect-free to a very high probability 
whilst readily identifying indications.  The paper 
presented consists of two parts.  The first 
addresses the computational challenges 
associated with indication detection in large 
datasets.  The latter outlines an approach to 
combining different amplitude values for 
detecting likely indications and evaluating 
associated probabilities, involving the novel 
application of the Synthetic Aperture Focussing 
Technique (SAFT).  Examples and preliminary 
results from the automatic ultrasonic inspection 
of a power station rotor bore will be presented. 
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9:50 AM 
 
A New Approach of Confidence in POD 
Determination Using Simulation 
---N. Dominguez, C. Reboud, A. Dubois, and F. 
Jenson, CEA-LIST, DISC, Gif-sur-Yvette, 
France; N. Dominguez, EADS, Innovation 
Works, Toulouse, France 
 
---Performances and reliability of NDT 
operations are often quantified through the 
determination of Probability of Detection (POD) 
which can then be used in lifecycle management 
approaches like the damage tolerance design. 
Recent progress in both NDT models and POD 
methodology, by means of uncertainty 
propagation through simulation codes, have 
demonstrated the relevance of simulation to 
establish POD curves.  Besides obvious cost 
reductions, an advantage of using simulation for 
POD is that it potentially gives access to very 
large datasets, which results in reducing the 
width of confidence bands. On the other hand a 
major difficulty in this approach is often to 
describe the statistics of uncertain parameters, 
which intuitively affects the “confidence” one can 
have in the obtained POD results. In this paper 
we propose a new approach of “confidence” for 
POD estimation from simulations, which consists 
in computing a confidence band based on the 
level of knowledge that we have on the statistics 
of the uncertain parameters more than on the 
number of available data. This approach is also 
a way to introduce “conservativity” in POD with 
simulation, which is generally appreciated in 
industrial practices. 
10:30 AM 
 
A Bayesian Approach for the Determination 
of POD Curves from Empirical Data Merged 
with Simulation Results 
---F. Jenson and N. Dominguez*, CEA-LIST, 
DISC, Gif-sur-Yvette, France; P. Willaume and 
T. Yalamas, PHIMECA Engineering, Paris, 
France; *EADS, Innovation Works, Toulouse, 
France 
 
---POD curves estimations are based on 
statistical studies of empirical data obtained from 
inspection results.  In order to achieve statistical 
significance, requirements are that 60 to 80 
mock-ups containing “realistic” flaws must be 
inspected by a set of inspectors.  This is a costly 
and time consuming process and the effort must 
be done for each NDT configuration which 
requires POD estimation.  One way to achieve 
cost reduction is to replace some of the required 
experimental data with numerical simulation 
results.  This idea follows the concept of Model 
Assisted POD (MAPOD). POD curves are no 
longer estimated from a fully empirical dataset 
but rather from a mix of experimental and 
simulated data.  Simulations are performed 
using physics-based models, whose predictions 
are validated for the considered application 
case.  In order to make the approach suitable for 
industrial needs, it is required that uncertainties 
introduced in the process thru the merging of 
simulation and experimental data are assessed. 
In this paper, a statistical method based on 
Bayesian updating is proposed, which mixes 
numerical simulations and information brought 
by the measurements.  Traditionally, POD 
curves are assessed using Maximum Likelihood 
Estimation methods using either hit/miss or 
signal response data.  This article only deals 
with hit/miss data.  Following Berens article, the 
POD is modeled by a log-logistics function. 
Hit/miss data is treated as a Bernoulli’s variable 
and Bayesian updating is performed on the POD 
model to assess the posterior distributions of the 
POD parameters assuming non-informative prior 
distributions on them.  Finally, Monte Carlo 
simulations are run to assess the confidence 
band POD.  A practical implementation of the 
approach to a high frequency eddy current 
inspection for fatigue cracks is presented. 
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10:50 AM 
 
Stochastic Collocation Method for Higher 
Dimensional NDE Problems with Tensor 
Product Grids 
---Jeremy S. Knopp, Air Force Research Labs, 
Metals, Ceramics and NDE Division, WPAFB, 
OH 45433; Matthew R. Cherry, University of 
Dayton Research Institute, Structural Integrity 
Division, Dayton, OH 45433 
 
---The stochastic collocation method has been 
used to propagate uncertainties in input 
parameters through eddy current testing 
simulations with success, but mainly for low 
dimensional problems.  For higher dimensional 
problems, the number of collocation points at 
which the simulation must be run grows by 
orders of magnitude.  Several methods have 
been proposed and shown to alleviate some of 
this computational burden, many of which rely 
on techniques for high dimensional integration 
such as sparse tensor product grids.  In this 
paper, the principals of sparse girds in 
uncertainty quantification are applied to an eddy 
current problem in which the conductivity of the 
host material is an uncertain field.  Furthermore, 
this technique is implemented with inputs that 
have arbitrary distributions.  The method is 
shown to converge quicker than the standard 
interpolation approach and the full tensor 
product approach by orders of magnitude.  
Comparisons to the Monte Carlo sampling 
method are discussed, as well as some 
limitations of the method. 
11:10 AM 
 
Stochastic-Integral Models for Propagation-
of-Uncertainty Problems in Nondestructive 
Evaluation 
---Harold A. Sabbagh, R. Kim Murphy, and 
Elias H. Sabbagh, Victor Technologies, LLC, 
Bloomington, IN 47407-7706; John C. Aldrin, 
Computational Tools, Gurnee, IL 60031; Jeremy 
S. Knopp and Mark P. Blodgett, Air Force 
Research Laboratory (AFRL/RLXP), Wright-
Patterson AFB, OH 45433-7817 
 
---Generalized polynomial chaos (gPC), the 
probabilistic collocation method (PCM), and 
analysis of variance (ANOVA) are finding 
considerable application to problems of interest 
to engineers in which random parameters are an 
essential feature of the mathematical model.  So 
far, the applications have been mainly to 
stochastic partial differential equations, but we 
extend the method to volume-integral equations, 
which have met great success in 
electromagnetic nondestructive evaluation 
(NDE), especially with eddy-currents.  The 
problems of main interest to the NDE community 
in this connection are concerned with the issue 
of 'propagation of uncertainty' when the relevant 
parameters are not well characterized, or are 
known simply as random variables.  We 
demonstrate the ideas by considering a metallic 
surface that has undergone a shot-peening 
treatment to reduce residual stresses, and has, 
therefore, become a random conductivity field.  
In particular, we show how ANOVA becomes a 
very promising method for high-dimension 
model representation (HDMR) when there are a 
large number of random variables present in the 
problem. 
  
THURSDAY, SESSION 27 
 - 159 - 
11:30 AM 
 
Benefits of Applying Multiple Inspection 
Techniques as Determined by Probability of 
Detection on Turbine Blades 
---Yan Guo, Kevin Bailey, and Paul Zombo, 
Siemens Energy Inc., Orlando, FL 32828 
 
---This paper presents an inspection process 
using multiple inspection techniques to 
demonstrate the effectiveness and to improve 
the probability of detection (POD).  This study 
was conducted on a recently developed 
inspection system for the detection of linear 
flaws located in turbine blades at the trailing 
edge.  This combined inspection system was 
designed using three sophisticated NDE 
techniques, enhanced magnification visual 
inspection, acoustic thermography, and digital 
micro-focus X-ray.  The region of interest was an 
area located at the bottom and trailing edge of 
the airfoil.  Inspection of the pressure 
and/suction side of the airfoil was required.  The 
flaw of interest emanated primarily from an 
internal and trailing edge surface and detection 
through multiple coatings was required.  The 
POD study utilized sample blades with casting 
manufacturing and in-service generated linear 
flaws (not laboratory samples).  In this paper, 
the process of designing the POD study was 
accomplished to the guideline of MIL-
HDBK1823.  The results of each individual 
inspection technique and the combined results 
of the inspection system are presented.  
11:50 AM 
 
Probability of Detection (POD) is NOT NDT 
Reliability 
---Ward D. Rummel, 8776 Mountainview Lane, 
Littleton, CO 80125 
 
---The reliability of nondestructive testing 
procedures has been a primary consideration in 
the development, application and advancement 
of NDT technology. Indeed significant 
advancements have been made in process 
control of procedures and in training, 
qualification personnel who apply NDT 
procedures.  Recognition and the demand for 
NDT increased with successes. NDT was 
integrated into engineering practices and 
technologies.  The design, operation, 
maintenance, life cycle and risk analyses 
changed dramatically with the development, 
application and incorporation of fracture 
mechanics in engineering requirements, 
engineering practices and engineering systems 
management.  Those engineering changes 
increased demands and a revolution in NDT 
requirements, practices and technology 
advancement.  The Probability of Detection 
(POD) metric was developed to provide a 
quantitative assessment of the detection 
capabilities and was focused on the smallest 
reliably detectable flaw.  Critical needs for 
application resulted in wide acceptance of POD 
as a metric to quantify the detection capability of 
NDT procedures.  Unfortunately, POD is often 
misinterpreted as a primary measure of the 
reliability of NDT procedures.  This paper 
addresses the nature of POD and requirements 
for assessment and application.  Emphasis is on 
evolution of a new branch in NDT engineering, 
technology application and validation. 
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SESSION 28 
NDE MEASUREMENTS, NEW MATERIALS, AND DEVICES 
N. Bowler, Iowa State University, Chairperson 
Wind River AB 
 
 
  8:30 AM The Comparison Between TIME-OF-FLIGHT DIFFRACTION (TOFD) and Conventional UT 
Capabilities in Defect Sizing and Monitoring for Steel Structures Under Cyclic and Dynamic 
Loading 
---A. Yousefi and V. Badamian, Iranian Welding Research and Engineering Center, Metallurgy 
Laboratory, Tehran, Iran; F. Marefat, QC/QA Management Department of Mapna Power 
Generation Co., Iran; A. Moradi, Welding Research and Engineering Center(IWREC), Metallurgy 
Laboratory; A. Yousefi, Kavosh Sanat Azar, Tehran, Iran; K. A. Louyeh, Abadgaran Andish, 
Tehran, Iran 
 
  8:50 AM Parametrical Study of the Flaw Detection in Polycrystalline Materials by Reducing the 
Multiple Scattering Contribution 
---S. Shahjahan, F. Rupin, and B. Chassignole, EDF R&D, Site des Renardières, Moret sur Loing 
(77), France; A. Aubry and A. Derode, Institut Langevin - Université Paris Diderot - ESCPI 
ParisTech, CNRS UMR 7587, Paris (75), France 
 
  9:10 AM Probabilistic Fatigue Life Prediction Using Ultrasonic Inspection Data Considering 
Equivalent Initial Flaw Size Uncertainty 
---X. Guan, J. Zhang, and S. K. Zhou, Image Analytics and Informatics, Corporate Research and 
Technology, Siemens Corporation, Princeton, NJ 08540; K. Kadau, Life Methods and Tools, Gas 
Turbine Engineering, Siemens Energy, Inc. Mülheim, 45473 Germany 
  
  9:30 AM Investigation of Waviness in Wind Turbine Blades: Structural Health Monitoring 
---S. K. Chakrapani1,2, V. Dayal1, 2, and D. J. Barnard2; Iowa State University, Ames, IA 50011; 
1Department of Aerospace Engineering; 2Center for NDE, 1915 Scholl Road 
 
  9:50 AM Effective Dynamic Moduli and Density of Fiber-Reinforced Composites 
---M. Caleap, University of Bristol, Department of Mechanical Engineering, Bristol, United Kingdom 
  
10:10 AM Break 
 
10:30 AM Characterization of Delaminations and Ply Cracks in Composite Laminates Using Multiple-
Angle Ultrasonic Inspection 
---P. H. Johnston, NASA Langley Research Center, Nondestructive Evaluation Sciences Branch, 
Hampton, VA 23681 
 
10:50 AM Research on Acoustic Field Model and Ultrasonic Testing of the Characteristics of 
Composite Material 
---H. Wang and C. Xu, Beijing Institute of Technology, School of Mechanical Engineering, Beijing, 
China 
 
11:10 AM Interdigital Spiral and Concentric Capacitive Sensors for Materials Evaluation 
---T. Chen and N. Bowler, Iowa State University, Center for NDE, 1915 Scholl Road, Ames,  
IA 50011 
  
11:30 AM Planar Shear Horizontal Guided Wave Inspection of a Plate Using Piezoelectric Fiber 
Transducers 
---C. J. Lissenden and J. L. Rose, Pennsylvania State University, Department of Engineering 
Science and Mechanics, College of Engineering, PA 16802; M. H. Soorgee and A. Yousefi-Koma, 
University of Tehran, School of Mechanical Engineering, College of Engineering, Tehran, Iran 
 
11:50 AM Adjourn Session 
  
12:10 PM Lunch 
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8:30 AM 
 
The Comparison Between TIME-OF-FLIGHT 
DIFFRACTION (TOFD) and Conventional UT 
Capabilities in Defect Sizing and Monitoring 
for Steel Structures Under Cyclic and 
Dynamic Loading 
---Afshin Yousefi and Valyallah Badamian, 
Iranian Welding Research and Engineering 
Center, Metallurgy Laboratory, Tehran, Iran; 
Fereidoon Marefat, QC/QA Management 
Department of Mapna Power Generation Co., 
Iran; Arash Moradi, Welding Research and 
Engineering Center(IWREC), Metallurgy 
Laboratory; Arash Yousefi, Kavosh Sanat Azar, 
Tehran, Iran; Keyvan Afraz Louyeh, Abadgaran 
Andish, Tehran, Iran 
 
---This research paper has new results about 
compare of TOFD and conventional UT 
capabilities in defect sizing.  TOFD has special 
and unique capabilities in sizing and monitoring 
of structure weld defects produced under cyclic 
and dynamic loading.  A series of tests have 
been conducted to compare TOFD method and 
conventional UT method, to monitor and 
determine size of intentional defects produced 
during welding of samples.  Thicknesses and 
welding parameters simulated from real 
conditions that applied for producing steel 
structure of the most crowded bridge in Tehran 
(Fadjr bridge).  Samples were inspected by both 
methods.  Results showed that defect size 
accuracy was higher in TOFD method and some 
of defects cannot be sized accurately by 
conventional UT.  In some cases the differences 
in sizing between two methods came out 
approximately around 5mm.  Since that minor 
defects and cracks tend to grow and develop 
under cyclic and dynamic loads (that commonly 
exist in crowded bridges), lack of identification 
lead to irreparable damages. 
8:50 AM 
 
Parametrical Study of the Flaw Detection in 
Polycrystalline Materials by Reducing the 
Multiple Scattering Contribution 
---Sharfine Shahjahan, Fabienne Rupin, and 
Bertrand Chassignole, EDF R&D, Site des 
Renardières, Moret sur Loing (77), France; 
Alexandre Aubry and Arnaud Derode, Institut 
Langevin - Université Paris Diderot - ESCPI 
ParisTech, CNRS UMR 7587, Paris (75), France 
 
---Ultrasonic nondestructive testing of coarse 
grain steels, which are commonly found in 
nuclear power plants, can be hampered by a 
high backscattered noise level which leads to a 
decrease of the detection performances.  
Multiple scattering of waves is particularly 
disturbing at high frequencies and large depths.  
Yet recent studies have shown that even in a 
highly scattering medium, the contribution of 
single scattering could be separated from 
multiple scattering, by means of a multi-element 
array (full matrix capture).  These results were 
obtained on a synthetic scattering medium made 
of randomly distributed parallel steel rods 
immersed in water.  They showed that target 
detection could be significantly increased by a 
specific filtering method based on properties of 
random matrices, combined with the D.O.R.T. 
imaging method.  In this study, the same method 
is tested on polycrystalline industrial materials 
made of a nickel based alloy (Inconel600®).  
Experimental results on a mock-up exhibiting 
various manufactured flaws are presented, at 
different frequencies, and compared to classical 
detection techniques.  Despite the high 
backscattering noise due to multiple scattering, 
a significant improvement of the detection 
performances is observed. 
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9:10 AM 
 
Probabilistic Fatigue Life Prediction Using 
Ultrasonic Inspection Data Considering 
Equivalent Initial Flaw Size Uncertainty 
---Xuefei Guan, Jingdan Zhang, and Shaohua 
K. Zhou, Image Analytics and Informatics, 
Corporate Research and Technology, Siemens 
Corporation, Princeton, NJ 08540; Kai Kadau, 
Life Methods and Tools, Gas Turbine 
Engineering, Siemens Energy, Inc. Mülheim, 
45473 Germany 
 
---The equivalent initial flaw size (EIFS) is an 
important variable that must be accurately 
quantified for reliable fatigue life prediction.  Few 
studies have been found to provide a method for 
EIFS uncertainty quantification in rotor fatigue 
life analysis using ultrasonic nondestructive 
evaluation (NDE) data.  This study presents a 
systematical method for probabilistic fatigue life 
prediction using ultrasonic inspection data 
considering the EIFS uncertainty.  A probabilistic 
model to correlate the ultrasonic inspection 
reported EIFS and the actual EIFS is proposed 
based on historical data of rotor flaw sizing.  All 
major uncertainties, such as EIFS uncertainty, 
fatigue crack growth model parameter 
uncertainty, and experimental data 
measurement uncertainty are explicitly included 
in the fatigue life prediction.  Bayesian 
parameter estimation is used to estimate fatigue 
crack growth model parameters and 
measurement uncertainties using a limited 
number of fatigue testing data points.  The 
overall procedure is demonstrated using a Cr-
Mo-V rotor segment with ultrasonic inspection 
data.  Interpretations of the probabilistic 
prediction results are given. 
9:30 AM 
 
Investigation of Waviness in Wind Turbine 
Blades: Structural Health Monitoring 
---Sunil Kishore Chakrapani1,2, Vinay Dayal1, 2,  
and Daniel Barnard2; Iowa State University, 
Ames, IA 50011; 1Department of Aerospace 
Engineering; 2Center for NDE 
 
---Waviness in composite wind turbine blades 
was detected and characterized with the help of 
air coupled ultrasonics. Based on the aspect 
ratio, the detected marcels are either accepted 
or rejected. A passive structural health 
monitoring approach has been presented here 
to monitor the accepted marcels above a 
threshold. The fatigue life of specimen is the 
most affected in the presence of a marcel. 
Hence this study focused on the damage 
evaluation during fatigue testing. Samples of 
different aspect ratios were subjected to fatigue 
testing and the damage was measured with the 
help of Rayleigh waves generated by air coupled 
ultrasonic transducers. 
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9:50 AM 
 
Effective Dynamic Moduli and Density of 
Fiber-Reinforced Composites 
---Mihai Caleap, University of Bristol, 
Department of Mechanical Engineering, Bristol, 
United Kingdom 
 
---A multiple scattering theory is developed to 
predict the effective dynamic material properties 
of elastic composites in two dimensions.  The 
system consists of circular fibers distributed 
randomly in an elastic solid.  The coherent wave 
propagation in the elastic composite is analyzed 
under the quasi-crystalline approximation.  The 
effective medium that is equivalent to the 
original composite material is a medium with 
space and time dispersion, and hence, its 
parameters are functions of frequency of the 
incident field.  Although the effective medium is 
homogeneous and isotropic, its effective 
dynamic moduli and density depend on the type 
of propagating wave, e.g., they are different for 
longitudinal and transverse incident waves.  
However, they coincide in the long wave region 
as expected on physical grounds.  Furthermore, 
the effective material properties are found to be 
complex-valued, in addition to their dynamic 
nature.  In the low frequency, long wave limit the 
effective bulk modulus, mass density and shear 
modulus are independently determined by the 
monopolar, dipolar and quadrupolar scattering 
coefficients of the embedded cylinders alone, 
respectively.  The emerging possibility of 
designing composite materials to form elastic 
metamaterials is discussed.  
10:30 AM 
 
Characterization of Delaminations and Ply 
Cracks in Composite Laminates Using 
Multiple-Angle Ultrasonic Inspection 
---Patrick H. Johnston, NASA Langley 
Research Center, Nondestructive Evaluation 
Sciences Branch, Hampton, VA 23681 
 
---Damage in composite laminates is often 
comprised of multiple damage types, such as 
delaminations, through-ply cracks and fiber 
breaks.  Normal-incidence ultrasound is 
excellent at detecting delaminations, but is not 
optimum for through-ply cracks.  Non-normal 
incidence, or polar backscattering, has been 
shown to select through-ply cracks in lamina 
oriented perpendicular to the ultrasonic plane of 
incidence.  In this work, a series of six 
composite laminates were slotted and subjected 
to cyclic tension to achieve various levels of 
damage, which is known to include both 
delamination and ply cracking.  Ultrasonic 
scattering was measured over a range of 
incident polar and azimuthal angles, in order to 
characterize the relative degree of damage of 
the two types.  A small spherical target with a 
known offset from the scan area was used to 
align the beam between scans at different 
angles.  Swept-polar-angle measurements taken 
with a curved phased array will also be 
presented, as a step toward an array-based 
approach to measuring combined flaws. 
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10:50 AM 
 
Research on Acoustic Field Model and 
Ultrasonic Testing of the Characteristics of 
Composite Material 
---Hongbo Wang and Chunguang Xu, Beijing 
Institute of Technology, School of Mechanical 
Engineering, Beijing, China 
 
---In this paper, a model is developed for the 
propagation and transmission of Gaussian 
beams in resin-based composite materials. We 
made its numerical simulation using the 
MATLAB language and measured the 
transmitted acoustic field for the composite of 
different thickness. The accuracy of the 
proposed model is verified by the comparison of 
the model-based predictions to the experimental 
measurements. The possibility of measuring 
porosity, elastic modulus of resin-based 
composite materials using the model is also 
discussed. 
11:10 AM 
 
Interdigital Spiral and Concentric Capacitive 
Sensors for Materials Evaluation 
---Tianming Chen and Nicola Bowler, Iowa 
State University, Center for NDE, Applied 
Sciences Complex II, 1915 Scholl Road, Ames, 
IA 50011 
 
---This paper describes the development of two 
circular coplanar interdigital sensors with i) a 
spiral interdigital configuration and ii) a 
concentric interdigital configuration for the 
nondestructive evaluation of multilayered 
dielectric structures.  A numerical model 
accounting for sensor geometry, test-piece 
geometry and real permittivity, and metal 
electrode thickness has been developed to 
calculate the capacitance of the sensors when in 
contact with a planar test-piece comprising up to 
four layers. The validity of the numerical model 
has been demonstrated by good agreement (to 
within 5%) between numerical predictions and 
benchmark experiment results. Compared with a 
simple concentric coplanar capacitive sensor 
developed previously, the interdigital 
configurations were found to have higher signal 
strength and signal-to-noise ratio, better 
accuracy in materials characterization, and 
higher sensitivity in detecting surface flaws when 
prior knowledge of approximate flaw size is 
available. On the other hand, the simple 
concentric sensor shows a deeper penetration 
depth, less susceptibility to lift-off variations and 
better sensitivity in detecting internal flaws in 
sandwich structures.--- This material is based 
upon work supported by the Air Force Research 
Laboratory under Contract # FA8650-04-C-5228 
at Iowa State University's Center for 
Nondestructive Evaluation. 
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11:30 AM 
 
Planar Shear Horizontal Guided Wave 
Inspection of a Plate Using Piezoelectric 
Fiber Transducers 
---Clifford J. Lissenden and Joseph L. Rose, 
Department of Engineering Science and 
Mechanics, College of Engineering, 
Pennsylvania State University, PA 16802; 
Mohammad H. Soorgee and Aghil Yousefi-
Koma, School of Mechanical Engineering, 
College of Engineering, University of Tehran, 
Tehran, Iran 
 
---Lamb wave modes have been used 
extensively for inspection of plate-like structures. 
Many Lamb modes are attenuated by fluid 
loading, or even just droplets on the surface, 
making inspection of real engineering structures 
challenging. Shear Horizontal (SH) guided wave 
modes are good candidates for inspection of 
plate structures that could be fluid loaded. The 
fundamental SH mode has several advantages 
relative to Lamb modes, including a non-
dispersive nature and the existence of a single 
mode below the first cut-off frequency. In this 
research, actuation and propagation of SH 
guided waves have been simulated using the 
commercial finite element code ABAQUS in 
order to develop a defect detection method for 
plate structures using strip transducers. Long 
but narrow piezoelectric fiber composite strips 
have been considered as transducers to excite 
and receive SH guided waves. The 
nondispersive nature and existence of a single 
SH mode below the first cut-off frequency leads 
to the possibility of employing a single 
piezoelectric fiber strip to excite SH waves, 
avoiding the complexity associated with comb 
type transducer excitation for Lamb modes. A 
segmented transducer, which enables piecewise 
sensing, has been shown by finite element 
analysis to be capable of locating a tiny through-
thickness crack. 
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Eddy Currents and ACPD 
 
Simple Measurement of Electromagnetic Properties of Steel in the Rayleigh Domain 
---J. I. Etcheverry and G. A. Sánchez, Center for Industrial Research, Applied Physics 
Department, Campana, Argentina 
 
The Versatility of Four Point Probes 
---Y. Ji and J. R. Bowler, Iowa State University, Center for NDE, 1915 Scholl Road, Ames,  
IA 50011 
 
Eddy Current Imager Using Bobbin-Type Hall Sensor Arrays for NDE in Small-Bore Piping 
System 
---J. Lee, Chosun University, Department of Control Instrumentation and Robot Engineering, 
Gwangju, Korea; J. Kim, Chosun University, Department of Control Instrumentation Engineering, 
Gwangju, Korea; J. Jun, Chosun University, Research Centre for Real Time NDT, Gwangju, Korea 
 
Finite Element Modelling of Magnetic Bias Eddy Current Probe Interaction with 
Ferromagnetic Materials 
---J. Lei, Atomic Energy of Canada Limited, Inspection, Monitoring and Dynamics, Chalk River, 
Ontario, Canada 
 
Role of Varying Interface Conditions on the Eddy Current Response from Cracks in 
Multilayer Structures 
---J. S. Knopp, Metals, Ceramics and NDE Division, AFRL, WPAFB, Dayton, OH 45433;  
A. J. Cherry, Southwestern Ohio Council for Higher Education, Dayton, OH 45433; J. C. Aldrin, 
Computational Tools, Gurnee, IL 60031; H. A. Sabbagh, Victor Technologies, LLC, Bloomington,  
IN 47407 
 
Signal and Image Analysis 
 
An Algorithm for Worst-Case Computation Applied to Defect Depth Uncertainty Estimation 
from MFL Signals in NDE 
---R. H. Priewald, P. D. Ledger, and J. S. D. Mason, Swansea University, College of Engineering, 
Swansea, Wales, United Kingdom; N. R. Pearson, Silverwing (United Kingdom) Ltd, Swansea, 
Wales, United Kingdom 
 
Pulsed Terahertz Inspection of Non-conducting Sandwich Composites 
---T. Chady and P. Lopato, West Pomeranian University of Technology, Department of Electrical 
and Computer Engineering, Szczecin, Poland 
 
 NDE of Concrete, Rebar 
 
  Evaluation of Harbor Concrete Properties on the Basis of Impact Echo Method 
---S. Han and W. Park, Korea Ocean Research and Development Institute, Coastal Engineering & 
Energy Department, Ansan, Kyunggido, Korea 
 
Electromagnetic Evaluation of Reinforced Concrete Structures 
---T. Chady and P. Frankowski, West Pomeranian University of Technology, Department of 
Electrical and Computer Engineering, Szczecin, Poland 
  
  - 167 - 
Thursday, July 19, 2012 
 
 
Ground Penetrating Radar Applied to Rebar Corrosion Inspection 
---D. Eisenmann, F. J. Margetan, T. Chiou, R. A. Roberts, and S. Wendt, Iowa State University, 
Center for NDE, 1915 Scholl Road, Ames, IA 50011 
 
UT Microstructure 
 
Focused Acoustic Beam Imaging of Grain Structure and Local Young’s Modulus with 
Rayleigh and Surface Skimming Waves 
---R. W. Martin1, S. Sathish1, and M. P. Blodgett2, 1University of Dayton Research Institute (UDRI), 
Structural Integrity Division, 300 College Park Drive, Dayton, OH 45469-0020; 2AFRL/RXLP, 
Building 655, Room 198, Materials and Manufacturing Directorate, WPAFB, OH 45433 
 
Micro-Crack Ultrasound Scattering In Anisotropic Composite Laminates 
---R. A. Roberts, Iowa State University, Center for NDE, 1915 Scholl Road, Ames IA 50011 
 
Microstructure Identification via Fluctuation Analyses of Ultrasound Signals 
---P. G. Normando, R. S. Nascimento, and E. P. Moura, Universidade Federal do Ceará, 
Departamento de Engenharia Metalúrgica e de Materiais, Fortaleza, Ceará, Brazil; A. P. Vieira, 
Universidade de São Paulo, Instituto de Física, São Paulo, São Paulo, Brazil 
 
Study of Precipitation Behavior of Materials for Ultrasupercritical Boilers Using Ultrasonics 
---S. R., National Institute of Technology, Department of Physics, Tiruchirapalli, Tamil Nadu-620 
015, India 
 
Characterization and Modeling of Ultrasonic Structural Noise in the Multiple Scattering 
Regime 
---T. Bedetti, V. Dorval, and F. Jenson, CEA LIST, Gif-sur-Yvette, France; A. Derode, Institut 
Langevin, Paris, France 
 
Detection of Inclusions Embedded in a Polycrystalline Medium: A Diagrammatic Approach 
---L. W. Koester and J. A. Turner, University of Nebraska-Lincoln, Department of Mechanics and 
Materials Engineering, Lincoln, NE 68588-0526 
 
Residual Stress Measurement Through Diffuse Ultrasonic Backscatter and the Influence on 
Material Characterization 
---C. M. Kube, J. A. Turner, and H. Du, University of Nebraska-Lincoln, Department of Mechanical 
and Materials Engineering, Lincoln, NE 68588 
 
UT Transducers and Applications 
 
Ultrasonic Beam Focusing on a Defect in Anisotropic, Inhomogeneous Media 
---H. Jeong and S. Cho, Wonkwang University, Division of Mechanical and Automotive 
Engineering, Iksan, Jonbuk, South Korea  
 
Design and Some Practical Applications of Ultrasonic Transducers with Axicon Lenses 
---P. Katchadjian, C. A. Desimone, and A. D. Garcia, Comision Nacional de Energia Atomica, 
INEND - Dto. ENDE, Buenos Aires, Argentina 
 
Defect Imaging with Surface Waves Using Non-Contact Air-Coupled Transducer 
---Y. Kim, Seoul National University of Science and Technology, Department of Mechanical 
Engineering, Seoul, South Korea; I. Park, Seoul National University of Science and Technology, 
Department of Mechanical Engineering, Seoul, South Korea; J. Lee, Seoul National University of 
Science and Technology, Department of Mechanical Engineering, Seoul, South Korea; D.-R. Kwak, 
Seoul National University of Science and Technology, Department of Nano·IT Program, Seoul, 
South Korea 
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Quantitative Measurements with Ultrasonic Phased Arrays 
---B. J. Engle and L. W. Schmerr, Jr., Iowa State University, Center for NDE and Department of 
Aerospace Engineering, Ames, IA 50011; A. Sedov, Lakehead University, Department of 
Mechanical Engineering, Thunder Bay, Ontario, Canada 
 
 Experimental Study on Amplitude Difference Phased Array (ADPA) for Improvement of the 
Selectivity of Closed Cracks in Nonlinear Ultrasonic Imaging 
---M. Ikeuchi, Y. Ohara, K. Jin-nou, A. Ohuchi, and K. Yamanaka, Tohoku University, Department 
of Materials Processing, Sendai, Miyagi, Japan 
 
Laser UT 
 
Numerical Simulation of the Laser Ultrasonic Measurement of Surface Residual Stress with 
ABAQUS Software 
---Z. Yu, W. Wei, and L. C. Sheng, Northeastern University, NEU College of Sciences, Liao Ning 
Province, China 
 
UT Defect Detection 
 
The Multiparameter-POD Applied in Detection of Defects in the Environment of 
Nonhomogeneous Ultrasound Attenuation 
---M. Skender, R. Boehm, C. Müller, and M. Pavlović, BAM - Federal Institute for Materials 
Research and Testing, Department for Non-Destructive Testing, Germany; U. Ronneteg, Swedish 
Nuclear Fuel and Waste Management Co., Oskarshamn, Sweden 
 
Ultrasonic Multi-Skip Tomography for Pipe Inspection 
---A. Volker and T. van Zon, TNO, Stieltjesweg 1, P.O.Box 155, 2600 AD Delft, The Netherlands 
 
Progress in Quantification of Defects in Multi-Layered Structures Using Ultrasonic 
Inspection  
---R. Holec, M. LaCivita, J. Shearer, and E. Lindgren, Air Force Research Laboratory, 
Nondestructive Evaluation Branch, Wright-Patterson Air Force Base, Dayton, OH 45433;  
J. Dierken, Southwestern Ohio Council for Higher Education, Dayton, OH 45420; J. Aldrin, 
Computational Tools, Gurnee, IL 60031 
 
High Energy and Nonlinear UT 
 
Evaluation of Void Nucleation of Fatigued Al6061-T6 with Nonlinear Ultrasound 
---T. G. Lee, T. Kang, H.-H. Kim, S.-J. Song, and H.-J. Kim, Sungkyunkwan University, School of 
Mechanical Engineering, Suwon, Korea 
 
Regulation of Residual Stress in Elastic Solid Component with High-Energy Acoustic Field 
---W. Song, C. Xu, Q. Pan, X. Yang, L. Xu, and J. Guo, Beijing Institute of Technology, School of 
Mechanical Engineering, 5 South Zhongguancun Street, Haidian District, Beijing 100081, China 
(PRC) 
 
Nonlinear Acoustic Measurements Ahead of a Notch During Fatigue 
---M. P. Blodgett, Air Force Research Laboratory, Nondestructive Evaluation Branch, Wright 
Patterson Air Force Base, Dayton, OH 45433; R. W. Martin, R. D. Mooers, A. L. Hutson, and  
S. Sathish, University of Dayton Research Institute, Structural Integrity Division, Dayton OH 45469 
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Eddy Currents and ACPD 
 
Simple Measurement of Electromagnetic 
Properties of Steel in the Rayleigh Domain 
---Javier I. Etcheverry and Gustavo A. 
Sánchez, Center for Industrial Research, 
Applied Physics Dept., Campana, Argentina 
 
---Hysteretic behavior of steel can be 
approximately described by Rayleigh model in 
the range of small excitations, corresponding to 
reversible motion of the walls of the magnetic 
domains. The main advantage of this model is 
that it is described by only two parameters: the 
initial permeability, and the Rayleigh coefficient, 
which quantifies the hysteresis. In this paper, an 
experimental technique for retrieving both 
parameters is developed, which is based on the 
well-known alternate current potential drop 
method (ACPD). This technique consists on the 
measurement of the potential drop between two 
contacts along a cylindrical sample, which is 
driven by a sinusoidal current source, with 
variable frequency below a few kHz, and a 
maximum current of 20 A. The current is injected 
through the ends of the sample, while the 
measuring contacts are placed near the central 
section. By means of low-current 
measurements, the initial magnetic permeability 
and the electrical conductivity are determined, 
and then high-current measurements are 
performed for exciting the hysteretic behavior in 
the range in which Rayleigh’s model is valid. By 
means of a one-dimensional mathematical 
model, the non-harmonic potential drop 
corresponding to each possible Rayleigh 
parameter is calculated, and the best fit for each 
sample is found numerically. Comparative 
results for different steels are presented. 
Eddy Currents and ACPD 
 
The Versatility of Four Point Probes 
---Y. Ji and J. R. Bowler, Iowa State University, 
Center for NDE, 1915 Scholl Road, Ames, IA  
50011 
 
---A four point alternating current potential drop 
probe can be used to measure the conductivity 
of metals, including ferromagnetic materials 
using direct current and with the aid of a simple 
formula. It can also be used to measure and 
monitor crack depth, again using direct current, 
usually using a calibration procedure, although a 
model based approach is also possible. Such 
probes can use alternating current or a current 
pulse to sense variations of material properties 
with depth. A quantitative analysis of the 
measurements can then be done based on 
available models. Recently the probes have 
been used to monitor creep and detect 
anisotropy. This article reviews the various 
possibilities for applying potential drop 
techniques in quantitative nondestructive 
evaluation. 
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Eddy Currents and ACPD 
 
Eddy Current Imager Using Bobbin-Type Hall 
Sensor Arrays for NDE in Small-Bore Piping 
System 
---Jinyi Lee, Department of Control 
Instrumentation and Robot Engineering, Chosun 
University, Gwangju, Korea; Jungmin Kim, 
Department of Control Instrumentation 
Engineering, Chosun University, Gwangju, 
Korea; Jongwoo Jun, Research Centre for Real 
Time NDT, Chosun University, Gwangju, Korea 
 
---Bobbin coil and bobbin-type solid-state Hall 
sensor arrays were proposed as an alternative 
for NDT technology.  The sensor array allows 
the imaging of the eddy current around ODSCC 
inside of a small-bore piping system without the 
need of any rotating apparatus.  A matrix of 
32×32 InSb Hall sensors was set on a cylinder 
with diameter of 15 mm and length of 25 mm.  
The spatial resolution was 0.78 mm.  The 
distorted alternating magnetic field around 
ODSCC was imaged at a speed of 1 frame/s.  
The induction frequency of the bobbin coil was 5 
kHz.  A standard specimen made of titanium 
alloy with hole-type and circumferential ODSCC 
was used to verify the effectiveness of the 
proposed technology.  The hole-type ODSCCs 
with width in the 1 - 4.6 mm range and depth in 
the 18 - 100% range were detected.  The 
electro-magnetic field was imaged on the 
circumferential ODSCC which has the same 
direction of the current induced by bobbin coil.  
The volume of ODSCC was estimated by using 
the absolute integration of magnetic image. 
Eddy Currents and ACPD 
 
Finite Element Modelling of Magnetic Bias 
Eddy Current Probe Interaction with 
Ferromagnetic Materials 
---Jia Lei, Atomic Energy of Canada Limited, 
Inspection, Monitoring and Dynamics, Chalk 
River, Ontario, Canada 
 
---Requirements to demonstrate eddy current 
inspection capabilities for inspection of steam 
generator tubes in nuclear power generation 
stations are becoming more rigorous.  One 
means of determining the capability of an 
existing, modified, or new eddy current probe 
design is to model the probe response to various 
degradation and tube artifacts.  Magnetic bias 
probes are used to inspect for defects in 
conditions where material magnetic permeability 
effects are a concern, such as in the presence of 
ferromagnetic tubes, deposits, or supports.  In 
this paper, a transient finite element modelling 
approach was used to model the interaction of 
magnetic bias probes with ferromagnetic 
materials.  To convert the modelled eddy current 
probe output to a conventional impedance 
display, the steady state transient response was 
averaged and converted to the frequency 
domain using a fast Fourier transformation.  Key 
input parameters included the physical, 
electrical, and material properties of the 
modelled components.  Permeability curves for 
the ferromagnetic tubing and supports, and flux 
density profiles for the magnets were found to 
be the most influential parameters, and had to 
be carefully defined. 
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Eddy Currents and ACPD 
 
Role of Varying Interface Conditions on the 
Eddy Current Response from Cracks in 
Multilayer Structures 
---Jeremy S. Knopp, Metals, Ceramics and NDE 
Division, AFRL, WPAFB, Dayton, OH 45433; 
Aaron J. Cherry, Southwestern Ohio Council 
for Higher Education, Dayton, OH 45433; John 
C. Aldrin, Computational Tools, Gurnee, IL 
60031; Harold A. Sabbagh, Victor Technologies, 
LLC, Bloomington, IN 47407 
 
---There is a need to improve the understanding 
of the role of interface conditions on eddy 
current inspections for cracks in multilayer 
aircraft structures.  Prior work has focused on 
the impact of crack closure and contact 
conditions at crack faces; however, there is a 
lack of published results exploring the role of 
interface conditions between adjacent plates 
and fastener sites when cracks are present.  
This paper presents initial results studying the 
influence of contact conditions between two 
plates and how this interacts with the response 
of a notch.  Two numerical methods were used 
to calculate the change in impedance due to the 
notch.  Experimental data was acquired for the 
same test conditions and the measured change 
in impedance was quantified.  Simulations show 
an amplification of the received eddy current 
signal in the presence of an air gap in between 
two plates as opposed to a submerged notch in 
a solid plate.  There is good agreement between 
experimental data and  the model results for the 
air gap case.  Challenges concerning 
convergence of the numerical methods with thin 
air gaps are discussed and future experimental 
studies are proposed.   
Signal and Image Analysis 
 
An Algorithm for Worst-Case Computation 
Applied to Defect Depth Uncertainty 
Estimation from MFL Signals in NDE 
---Robin H. Priewald, Paul D. Ledger, and John 
S. D. Mason, Swansea University, College of 
Engineering, Swansea, Wales, United Kingdom; 
Neil R. Pearson, Silverwing (United Kingdom) 
Ltd, Swansea, Wales, United Kingdom 
 
---Inverse problems in non-destructive 
evaluation (NDE) usually are multivariate 
optimization problems, where a best-fit solution 
is sought that minimizes an error function.  
Although the minimizer is provided, it gives no 
information about its uncertainty.  Sensitivity 
analysis can provide a linearized uncertainty 
estimate, but is only valid in the immediate 
vicinity of the optimum and fails for larger 
deviations with nonlinear error functions.  
Magnetic flux leakage (MFL) is an NDE method 
for defect identification that is particularly prone 
to uncertainties, where shallow and wide defects 
can produce measurements very similar to 
narrow and crucially deep ones.  This paper 
proposes an algorithm suitable for nonlinear 
problems such as MFL signal inversion, which 
seeks to find other solution candidates that 
maximize a worst-case (WC) criterion while 
keeping the error function below a set threshold 
defined by the measurement uncertainty.  It 
uses second order Taylor approximations of the 
error function to iteratively approach the WC 
estimate that lies at the threshold level.  The 
algorithm is explained and applied to inverse 
MFL defect reconstruction, where the WC 
criterion is equivalent with maximizing defect 
depth.  A simulation example is given, illustrating 
the effectiveness of the algorithm for estimating 
the WC uncertainty in nonlinear MFL signal 
inversion.
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Signal and Image Analysis 
 
Pulsed Terahertz Inspection of Non-
conducting Sandwich Composites 
---Tomasz Chady and Przemyslaw Lopato, 
West Pomeranian University of Technology, 
Department of Electrical and Computer 
Engineering, Szczecin, Poland 
 
---Sandwich composites are high-performance 
materials designated for lightweight structures in 
wind energy industry (wind turbine blades, 
housings and spinners), marine, transportation 
and aerospace constructions. Such structures 
suffer from following defects: delaminations, 
fibers fracture, and dry areas in skin material, 
core and skin debonding and core material 
crushing. Those defects significantly affect their 
strength, thus adequate NDT technique must be 
utilized. Common methods utilized to sandwich 
composites inspection are ultrasonics, 
radiography, thermography, tap testing and 
shearography. Pulsed terahertz inspection 
enables accurate, contactless and safe for 
operating personnel evaluation of non-
conducting structures. In this paper we present 
results of pulsed terahertz evaluation of various 
sandwich composite structures incorporating 
glass and basalt fibers based skin materials and 
spherecore, balsa wood and foam based core 
materials. Adequate method of signal 
processing will be proposed and discussion 
about issues affecting sandwich composites 
defects detectability using pulsed terahertz 
technique will be provided in the full paper. 
NDE of Concrete, Rebar 
 
Evaluation of Harbor Concrete Properties on 
the Basis of Impact Echo Method 
---SangHun Han and WooSun Park, Korea 
Ocean Research and Development Institute, 
Coastal Engineering & Energy Department, 
Ansan, Kyunggido, Korea 
 
---Dynamic elastic modulus of specimens by 
impact echo method which is evaluating the 
soundness are different with static elastic 
modulus tested by uni-axial compression test.  
Thus, this paper investigates the relationships 
between dynamic and static elastic modulus 
based on in-situ harbor concrete cores.  Also, 
dynamic elastic modulus was compared with 
compressive strength.  Concrete cores were 
obtained from about 20 to 70 years concrete 
structures at three different harbors which were 
Incheon, Wando, and Masan in Korea.  In order 
to investigate the influence of exposure 
condition on the relationship, air zone, splash 
zone, and tidal zone were selected on the basis 
of tidal level table.  Different harbors showed the 
different relationships between dynamic and 
static elastic modulus, but exposure conditions 
have no influence on the relationship between 
dynamic and static elastic modulus.  Also, the 
relationship between dynamic elastic modulus 
and compressive strength has the same 
tendency as the relationship between dynamic 
and static elastic modulus.  The relationship 
equations were proposed to estimate the 
relationships properly. 
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NDE of Concrete, Rebar 
 
Electromagnetic Evaluation of Reinforced 
Concrete Structures 
---Tomasz Chady and Pawel Frankowski, West 
Pomeranian University of Technology, 
Department of Electrical and Computer 
Engineering, Szczecin, Poland 
 
---Referring to the modern tendencies it is 
certain that the reinforced concrete is and will be 
for a long time one of the basic construction 
materials.  Its extensive use requires 
development of corresponding diagnostics 
methods which will allow for effective inspection 
new structures, and evaluation of the remaining 
lifetime old objects. The purpose of this paper is 
to present the new electromagnetic system for 
detection and evaluation of steel bars in 
reinforced concrete structures. A differential 
eddy current transducers and lock-in amplifier 
are proposed for this purpose. Studies show 
that, the shape of output voltage module 
provides information about main parameters of 
reinforcement. Selected Data Mining algorithms 
are used to search associations between output 
waveform and diameter, location and steel class 
of rebars. The experimental verification of the 
developed technique is done and the selected, 
promising results are presented. 
NDE of Concrete, Rebar 
 
Ground Penetrating Radar Applied to Rebar 
Corrosion Inspection 
---David Eisenmann, Frank Margetan, Thomas 
Chiou, Ron Roberts, and Scott Wendt, Center 
for Nondestructive Evaluation, Iowa State 
University, Ames, IA 50011 
 
---Ground penetrating radar (GPR) is routinely 
used to locate and map reinforcing bars (rebar) 
in concrete structures.  Detecting damage to 
embedded rebar is a more difficult challenge.  In 
this paper we report on efforts to develop a GPR 
approach to quantifying corrosion-induced rebar 
thinning in concrete.  Laboratory measurements 
are described for a set of specimens having 
different degrees of thinning in one region.  The 
geometry was chosen to simulate a common 
rebar deterioration problem where a vertical 
concrete bridge apron is attached to a roadbed. 
Using a commercial 1600-MHz GPR system, we 
demonstrate that backscattered amplitude 
measurements can readily detect a thinning loss 
of 50% in rebar diameter over a short length.  
Here the EM wavelength is several times larger 
than the diameter of the rebar in question.  To 
field a practical amplitude-based system for 
detecting thinned rebar, one must be able to 
quantify and assess the many factors that can 
potentially contribute to GPR signal amplitude 
variations.  These include variability arising from 
the rebar itself (e.g., thinning), and from other 
factors (concrete properties, antenna orientation 
and liftoff, etc.).  Thus we also report on early 
efforts to model the GPR instrument and 
inspection process so as to assess variabilities 
and optimize inspections.  This includes efforts 
to map the antenna radiation pattern, to 
measure relevant concrete properties, and to 
assess detectability improvements via synthetic 
aperture focusing techniques (SAFT).---This 
work was supported by the Vice President for 
Research and Development and the Institute for 
Physical Research and Technology at Iowa 
State University.  The work was performed by 
the Center for Nondestructive Evaluation.    
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UT Microstructure 
 
Focused Acoustic Beam Imaging of Grain 
Structure and Local Young’s Modulus with 
Rayleigh and Surface Skimming Waves 
---Richard W. Martin1, Shamachary Sathish1, 
and Mark P. Blodgett2, 1University of Dayton 
Research Institute (UDRI), Structural Integrity 
Division, 300 College Park Drive, Dayton, OH 
45469-0020; 2AFRL/RXLP, Building 655, Room 
198, Materials and Manufacturing Directorate, 
Wright Patterson AFB, OH 45433 
 
---The interaction of a focused acoustic beam 
with materials generates Rayleigh surface 
waves (RSW) and surface skimming longitudinal 
waves (SSLW). Acoustic microscopic 
investigations have used the RSW amplitude 
and the velocity measurements extensively for 
grain structure analysis. The presence of SSLW 
has been recognized, but is rarely used in 
acoustic imaging.  This paper presents an 
approach to perform microstructure imaging and 
local elastic modulus measurements by 
combining both RSW and SSLW. The acoustic 
imaging of grain structure at multiple frequencies 
is performed using a frequency C-scan 
technique while the velocity measurements are 
determined by two-point defocus method. The 
microstructure images obtained on the same 
region of the samples with RSW and SSLW are 
compared and the difference in the contrast 
observed is discussed based on the propagation 
characteristics of the individual surface waves. 
The surface wave velocities of RSW and SSLW 
of the same regions of the sample are combined 
and presented as average Young’s modulus 
images. 
UT Microstructure 
 
Micro-Crack Ultrasound Scattering In 
Anisotropic Composite Laminates 
---R. A. Roberts, Iowa State University, Center 
for NDE, 1915 Scholl Road, Ames IA 50011 
 
---This paper examines the boundary integral 
equation (BIE) formulation of the problem of 
scattering by distributed micro-cracks in a 
composite laminate.  The canonical problem 
addressed is scattering by a single micro-crack 
in a composite laminate, oriented approximately 
perpendicular to the laminate interfaces, and 
traversing the laminate thickness.  The case of a 
uni-directionally reinforced laminate is 
formulated as 2D scattering problem using the 
Green function for a line load acting in a 
transversely isotropic infinite space.  The case of 
a cross-ply laminate is formulated as a quasi-2D 
problem, where 3D wave field displacements 
display a 2D spatial dependence.  The 
scattering formulation in this case uses the 
Green function for a line load acting in a 
laminated structure, where individual plies 
display transverse isotropy, with symmetry in 
accordance with the ply lay-up.  Additionally, an 
approximate formulation of the cross-ply 
laminate scattering problem is available using 
elastic properties obtained as an appropriate 
spatial average of the ply properties.  
Calculations of scattered wave fields and 
associated measurement responses will be 
presented for various configurations of interest.  
The problem of scattering interaction between 
multiple cracks will be addressed, and the 
validity of approximate multiple scattering 
formulations will be examined as a function of 
micro-crack density, particularly as regards the 
prediction of micro-crack induced ultrasonic 
attenuation.---This material is based on work 
supported by NASA under award NNX07AM15A 
and is performed at the Center for 
Nondestructive Evaluation at Iowa State 
University.  
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UT Microstructure 
 
Microstructure Identification via Fluctuation 
Analyses of Ultrasound Signals 
---Paulo G. Normando, Romão S. Nascimento, 
and Elineudo P. Moura, Universidade Federal 
do Ceará, Departamento de Engenharia 
Metalúrgica e de Materiais, Fortaleza, Ceará, 
Brazil; André P. Vieira, Universidade de São 
Paulo, Instituto de Física, São Paulo, São Paulo, 
Brazil 
 
---This work aims at identify the identification of 
different microstructures through the statistical 
fluctuation of ultrasonic signals simulated.  We 
are interested in studying ultrasound 
propagation along a one-dimensional medium of 
fixed width, with a pulse generated in a 
transducer located in one end of the system.  
Since the medium consists of many different 
domains, with possibly different physical 
properties (density and sound velocity), in 
general the pulse will be scattered as it 
propagates towards the opposite end, where it 
will be reflected.  Information about the 
microstructure is in principle hidden in the 
scattered signal, which is registered in the 
transducer as it arrives.  We work here with 8 
different choices of microstructure, combining 4 
different average domain sizes and 2 different 
average densities.  Our aim is to identify the 
microstructure based on the analysis of the 
ultrasound signal.  Simulated ultrasound signals 
were analyzed by means of R/S analysis of 
Hurst analysis.  The curves obtained from the 
statistical fluctuations, as functions of the time 
window, were processed by using a pattern 
classification techniques based on artificial 
neural networks.  The results indicate that the 
statistical fluctuation analysis (R/S) associated 
with the neural network is a powerful tool for the 
recognition of the different microstructures. 
UT Microstructure 
 
Study of Precipitation Behavior of Materials 
for Ultrasupercritical Boilers Using 
Ultrasonics 
---Sambu R., National Institute of Technology, 
Department of Physics, Tiruchirapalli, Tamil 
Nadu-620 015, India 
 
---It is necessary to develop and implement new 
power plant due to both current energy and 
environmental demands. To enable these 
objectives to be met, the next generation of 
power plant must be more efficient. A common 
method of improving efficiency in plant is to 
increase the steam temperatures and pressures, 
which will necessitate the introduction of new 
materials. Nickel-based alloys lend themselves 
to high temperature and pressure applications 
due to their significant creep strength and the 
ability to operate at metal temperatures above 
750C. Steam header and pipe work systems 
carry steam from boilers to the turbines and are 
of particular interest in this work. Header and 
pipe work systems experience high 
temperatures and pressures in the power plant, 
and it is therefore paramount that a suitable 
material is chosen and methodologies are put in 
place to predict their safe operating lifetimes.  
Microstructural evolution in Nimonic-263, one 
candidate material for next generation plant, has 
been studied using velocity measurement of 
ultrasonic waves through the material. A 
variation in Ultrasonic velocity is expected 
because precipitation can cause variation in 
elastic modulus, which is one of the main factors 
determining velocity of elastic waves through a 
medium.  The changes occurring in the 
microstructure as a result of time and 
temperature of exposure have been studied and 
shown that variation in exposure time and 
temperature can affect the microstructural 
development, and therefore the ultrasonic 
parameters, of the Nimonic-263.  This study can 
be used as a non-destructive tool for evaluation 
of the microstructures. 
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UT Microstructure 
 
Characterization and Modeling of Ultrasonic 
Structural Noise in the Multiple Scattering 
Regime 
---Thomas Bedetti, Vincent Dorval, and 
Frederic Jenson, CEA LIST, Gif-sur-Yvette, 
France; Arnaud Derode, Institut Langevin, Paris, 
France 
 
---Multiple scattering can occur when performing 
ultrasonic measurements on highly scattering 
materials such as coarse grain steel or concrete.  
It constitutes in general a limiting factor for NDE 
techniques.  In some cases it can be used to 
characterize materials.  In both cases there is an 
interest in characterizing and modeling the 
structural noise.  In this work, the scattering by 
the material is characterized using three 
parameters: the diffusion constant, the elastic 
mean free path and the correlation distance.  
These parameters are determined from 
measurement performed with a phased array 
probe and application of specific processing 
techniques.  They are then entered as input of a 
structural noise model.  The energy propagation 
is modeled by using the diffusion approximation.  
The probe sensitivity is taken into account 
through CIVA beam computation module.  
Through reciprocity and statistical arguments 
these two computed data are combined in order 
to obtain structural noise signals.  This method 
has been applied to samples of coarse grain 
steel.  The three diffusion parameters have been 
measured and inputted in the diffusion model.  
The backscattered noise has been calculated for 
different probes and compared to experimental 
signals. 
 
UT Microstructure 
 
Detection of Inclusions Embedded in a 
Polycrystalline Medium: A Diagrammatic 
Approach 
---Lucas W. Koester and Joseph A. Turner, 
University of Nebraska-Lincoln, Department of 
Mechanics and Materials Engineering, Lincoln, 
NE 68588-0526 
 
---Diffuse ultrasonic backscatter techniques are 
used to evaluate and to quantify polycrystalline 
microstructure in structural materials including 
steel, aluminum, and concrete.  Modeling of the 
backscatter received from grain scattering is 
important for both microstructural 
characterization and flaw detection.  Here, the 
problem of an inclusion embedded in a 
polycrystalline background is examined using a 
diagrammatic approach.  Expressions are 
derived for the attenuation and diffuse 
backscatter using a Green’s function approach 
that incorporates Feynman diagrams for 
simplicity in the analysis.  The resulting 
equations are solved in the single-scattering limit 
that couples geometric probabilities and 
correlation functions such that the impact of the 
inclusion can be quantified.  The effects of 
frequency, average grain size, polycrystalline 
properties, inclusion properties and inclusion 
size are considered.  Further work related to 
inspection with focused beams or immersion 
type ultrasonic inspections is also presented.  
This work is anticipated to impact the studies of 
model-assisted probability and inclusion content 
quantification in ultrasonic non-destructive 
evaluation.  
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UT Microstructure 
 
Residual Stress Measurement Through 
Diffuse Ultrasonic Backscatter and the 
Influence on Material Characterization 
---Christopher M. Kube, Joseph A. Turner, and 
Hualong Du, University of Nebraska-Lincoln, 
Department of Mechanical and Materials 
Engineering, Lincoln, NE  68588 
 
---Addressing the influence of residual stresses 
in polycrystalline materials is important for 
accurate NDE measurements and material 
characterization. Previous NDE techniques have 
been used to estimate average grain sizes in 
metallic materials based on ultrasonic scattering. 
This scattering is the result of wave reflections at 
grain boundaries and discontinuities in the 
microstructure. Extraction of the average grain 
size has been performed by relating the strength 
of the scattered response to theoretical 
backscatter coefficients containing spatial grain 
parameters. Recently, a diffuse backscatter 
coefficient (DBC) has been formulated to include 
the influence of material stresses on the strength 
of the scattered response. The separation of the 
spatial and stress dependence in the DBC can 
lead to improved grain size estimates and a 
possible method for nondestructively measuring 
residual stresses in materials of interest.  In this 
presentation, the theoretical formulation of the  
stress dependent DBC is given followed by 
experimental estimates of longitudinal residual 
stresses from a section of rail. These results are 
compared with previously established residual 
stress measurements from diffraction 
techniques. Lastly, the influence of the material's 
stress-state on grain size estimates is 
quantitatively explored for various materials with 
cubic symmetries such as steel, nickel, copper, 
and aluminum. [Research supported by the 
Federal Railroad Administration]  
UT Transducers and Applications 
 
Ultrasonic Beam Focusing on a Defect in 
Anisotropic, Inhomogeneous Media 
---Hyunjo Jeong and Sungjong Cho, 
Wonkwang University, Division of Mechanical 
and Automotive Engng, Iksan, Jonbuk, South 
Korea  
 
---In ultrasonic testing of dissimilar metal welds, 
application of phased array technique in terms of 
incident beam focusing is not easy because of 
complicated material structures formed during 
the multi-pass welding process. Time reversal 
(TR) techniques can overcome some limitations 
of phased array since they are self-focusing that 
does not depend on the geometrical and 
physical properties of testing components. In 
this paper, we test the possibility of TR focusing 
on a defect within anisotropic, heterogeneous 
austenitic welds. A commercial simulation 
software is employed for TR focusing and 
imaging of a side-drilled hole. The performance 
of time reversed adaptive focal law is compared 
with those of calculated focal laws for both 
anisotropic and isotropic welds.   
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UT Transducers and Applications 
 
Design and Some Practical Applications of 
Ultrasonic Transducers with Axicon Lenses 
---Pablo Katchadjian, Carlos A. Desimone, and 
Alejandro D. Garcia, Comision Nacional de 
Energia Atomica, INEND - Dto. ENDE, Buenos 
Aires, Argentina 
 
---In this paper the applications, detailed in 
previous papers, referred to ultrasonic 
transducers with the addition of axicon lenses 
are extended.  Axicon lenses, both contact and 
immersion, for normal and angular incidence 
were manufactured to in order to study 
defectology in welds and other components.  For 
immersion transducers, as had already been 
made for contact transducers, signal amplitude 
in function of the depth of the reflector and 
transverse acoustic pressure at the focus were 
measured. For this purpose a metal part with 
side drill holes at different depths and 
submerged in different fluids was used.  Several 
practical applications are shown where it is 
possible to exploit the advantages that these 
transducers offer: high resolution measurements 
for corrosion, laminations and thickness 
reduction.  Discrimination between a weld root 
and a defect very close to it, determining also its 
depth, etc.  Measurements in anisotropic 
materials (austenitic and composites) in or  der 
to achieve an SNR improvement. 
UT Transducers and Applications 
 
Defect Imaging with Surface Waves Using 
Non-Contact Air-Coupled Transducer 
---Yongkwon Kim, Seoul National University of 
Science and Technology, Department of 
Mechanical Engineering, Seoul, South Korea; 
Ikkeun Park, Seoul National University of 
Science and Technology, Department of 
Mechanical Engineering, Seoul, South Korea; 
Joosung Lee, Seoul National University of 
Science and Technology, Department of 
Mechanical Engineering, Seoul, South Korea; 
Dongryul Kwak, Seoul National University of 
Science and Technology, Department of 
Nano·IT Program, Seoul, South Korea 
 
---Conventional nondestructive testing methods, 
such as magnetic particle testing and liquid 
penetrant testing, are often used for detecting 
surface defects due to their speed and 
simplicity.  In the case of a power plant, these 
methods have some difficulties because of 
limited access.  In order to overcome these 
problems, a non-contact technique using an air-
coupled transducer (ACT) that generates 
surface waves is proposed for evaluating 
surface defects of non-accessible structures.  
Surface defects are evaluated by measuring the 
amplitude of surface wave signals. Artificial 
defects with various depths and lengths were 
machined and the results of our evaluation are 
reported.  The results show that the defect 
imaging generated displays the surface defects 
accurately and has the ability to identify the size 
of the damage to the structure.  This shows the 
efficacy of our technique for surface defect 
evaluation.  
THURSDAY, SESSION 29 
 - 179 - 
UT Transducers and Applications 
 
Quantitative Measurements with Ultrasonic 
Phased Arrays 
---Brady J. Engle and Lester W. Schmerr Jr., 
Iowa State University, Center for NDE and Dept. 
of Aerospace Engineering, Ames, IA 50011; 
Alexander Sedov, Lakehead University, Dept. of 
Mechanical Engineering, Thunder Bay, Ontario, 
Canada 
 
---Ultrasonic phased array inspections can often 
be made more efficient than similar 
measurements with single element transducers 
since their ability to steer and focus sound 
electronically provides array-based systems with 
some unique capabilities, including their 
effective generation of ultrasound images.  
However, unless arrays are coupled with 
physics-based modeling of their operation, array 
inspections will remain qualitative in nature and 
will not exploit their full potential.  Here, we will 
demonstrate model-based, quantitative 
measurements with arrays and their importance 
for issues such as flaw characterization and 
sizing.  
UT Transducers and Applications 
 
Experimental Study on Amplitude Difference 
Phased Array (ADPA) for Improvement of the 
Selectivity of Closed Cracks in Nonlinear 
Ultrasonic Imaging 
---Masako Ikeuchi, Yoshikazu Ohara, Kentaro 
Jin-nou, Akihiro Ohuchi, and Kazushi 
Yamanaka, Tohoku University, Department of 
Materials Processing, Sendai, Miyagi, Japan 
 
---Closed cracks lead to the underestimation or 
overlook of cracks. To solve this problem, we 
have developed a novel imaging method, 
subharmonic phased array for crack evaluation 
(SPACE) and verified its high accuracy of crack 
depth measurement.[Y.Ohara, et al., APL2007, 
JJAP2009] However, linear scatterers also 
appeared as ghosts in the subharmonic array 
(SA) image owing to leakage in the frequency 
filtering, degrading the selectivity of closed 
cracks.  To improve the selectivity, we proposed 
the load difference phased array (LDPA). 
[Y.Ohara, et al., Ultrasonics2011] Further 
development of LDPA with local cooling will be 
presented in this conference. On the other 
hands, we proposed an alternative method, the 
amplitude difference phased array (ADPA), 
where the ghosts are eliminated by subtracting a 
SA image at a small input multiplied by the input 
amplitude ratio from that at a large input, where 
it is not needed to apply external loads. We 
verified it by the simulation and preliminary 
experiment.[Y.Ohara, et al., JJAP2012 in press] 
However, the selectivity was not sufficient. Here, 
to verify the high selectivity, we applied the 
ADPA to a closed fatigue crack at six incident 
angles towards the same part of the crack. The 
crack was not observed in the SA image at a 
small input, whereas it was observed in the SA 
image at a large input. However, the selectivity 
was very low. Then, we applied the ADPA to 
those images. As a result, we successfully 
imaged the crack clearly by reducing the ghosts 
at 4 incident angles, and could measure the 
crack depth. We found that the improvement of 
the selectivity depends on the incident angle to 
the crack. This suggests that the appropriate 
selection of the incident angle is significant even 
in fatigue cracks with simple shape. Thus, the 
ADPA will significantly contribute the 
enhancement of crack depth measurement, by 
varying the incident angle. It may be 
conveniently realized by using a two 
dimensional array transducer.  
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Laser UT 
 
Numerical Simulation of the Laser Ultrasonic 
Measurement of Surface Residual Stress 
with ABAQUS Software 
---Zhan Yu, Wang Wei, and Liu Chang Sheng, 
Northeastern University, NEU College of 
Sciences, Liao Ning Province, China 
 
---In the paper, we simulated the Rayleigh 
surface wave induced by the laser ultrasonic 
shock processing and its propagation in half-
space elastic materials with ABAQUS software. 
And a linear relationship between applied 
stresses and Rayleigh surface wave velocity 
was established for common material such as 
aluminum alloys and steel.  In first step, to 
eliminate the undesirable reflections from 
boundary edges, infinite elements were placed 
along the appropriate edges of the model. a finer 
meshed model with a smooth ‘half-sine’ pulse 
was used to verify the feasibility of simulation of 
Rayleigh surface waves.  Obtained results 
showed agreements with the features of 
Rayleigh surface waves. In next step, the effect 
of laser shock processing was equivalent to a 
modulated pulse with a frequency of 5MHz with 
a Gaussian envelope.  And the modulated 
Gaussian pulse was used to generate Rayleigh 
surface wave. Detection of Rayleigh surface 
velocity based on ultrasonic time-difference 
method was introduced in this paper.  According 
to modified Bergman’s formula, initial stresses 
were equal to the effective modulus, so effective 
modulus method was introduced to simulate the 
residual stress in the surface region.  The results 
showed good agreement with the experimental 
data and provided a way of using laser 
ultrasonic to measure of the residual stress. 
UT Defect Detection 
 
The Multiparameter-POD Applied in 
Detection of Defects in the Environment of 
Nonhomogeneous Ultrasound Attenuation 
---Marina Skender, Rainer Boehm, Christina 
Müller, and Mato Pavlović, BAM - Federal 
Institute for Materials Research and Testing, 
Department for Non-Destructive Testing, 
Germany; Ulf Ronneteg, Swedish Nuclear Fuel 
and Waste Management Co., Oskarshamn, 
Sweden 
 
---A phased array ultrasonic system is applied 
for testing copper specimens manufactured with 
artificial flat-bottom holes.  This setup is tested in 
turns of the development of an optimized 
inspection technique for copper canisters for the 
final disposal of nuclear waste in Sweden.  The 
inspected copper specimens are characterized 
by having non-homogeneous ultrasound 
attenuation.  A new method in assessing the 
POD, the multiparameter-POD, is employed for 
estimating the reliability of detection of the 
artificial defects.  The multiparameter-POD 
applied to the signal response analysis 
combines the assessed local ultrasound 
attenuation with the dependence on depths and 
areas of the flat-bottom holes.  The presented 
method accounts for the more complex physical 
interaction of the sound wave with a specimen.  
The features of the multiparameter-POD are 
discussed at a selected UT configuration using 
3.5 MHz.  The dependence of the UT-signals 
and hence the POD on the local attenuation 
turned out to be a crucial influence on the 
inspection reliability in addition to the defect 
depth and area.  
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UT Defect Detection  
 
Ultrasonic Multi-Skip Tomography for Pipe 
Inspection 
---Arno Volker and Tim van Zon, TNO, 
Stieltjesweg 1, P.O.Box 155, 2600 AD Delft, The 
Netherlands 
 
---The inspection of wall loss corrosion is difficult 
at pipe support locations due to limited 
accessibility. However, the recently developed 
ultrasonic Multi-Skip screening technique is 
suitable for this problem. The method employs 
ultrasonic transducers in a pitch-catch geometry 
positioned on opposite sides of the pipe support. 
Shear waves are transmitted in the axial 
direction within the pipe wall, reflecting multiple 
times between the inner and outer surfaces 
before reaching the receivers. Along this path, 
the signals accumulate information on the 
integral wall thickness (e.g., via variations in 
travel time). The method is very sensitive in 
detecting the presence of wall loss, but it is 
difficult to quantify both the extent and depth of 
the loss. If the extent is unknown, then only a 
conservative estimate of the depth can be made 
due to the cumulative nature of the travel time 
variations. Multi-Skip tomography is an 
extension of Multi-Skip screening and has 
shown promise as  a complimentary follow-up 
inspection technique. In recent work, we have 
developed the technique and demonstrated its 
use for reconstructing high-resolution estimates 
of pipe wall thickness profiles. The method 
operates via a model-based full wave field 
inversion; this consists of a forward model for 
predicting the measured wave field and an 
iterative process that compares the predicted 
and measured wave fields and minimizes the 
differences with respect to the model 
parameters (i.e., the wall thickness profile). This 
paper presents our recent developments in 
Multi-Skip tomographic inversion, focusing on 
efficient parameterization of the surface profile 
model and processing of actual measured data. 
UT Defect Detection  
 
Progress in Quantification of Defects in 
Multi-Layered Structures Using Ultrasonic 
Inspection  
---Robert Holec, Michael LaCivita, Joshua 
Shearer, and Eric Lindgren, Air Force Research 
Laboratory, Nondestructive Evaluation Branch, 
Wright-Patterson Air Force Base, Dayton, OH 
45433; Josiah Dierken, Southwestern Ohio 
Council for Higher Education, Dayton, OH 
45420; John Aldrin, Computational Tools, 
Gurnee, IL 60031 
 
---The aging of its aircraft fleet and, 
subsequently, the resultant increase in the 
number of inspections required to ensure flight-
readiness and safety of these aircraft is a 
significant concern for the US Air Force (USAF).  
In particular, the inspection of high stress 
locations, typically found around bolt hole 
fastener sites, is a recurring requirement.  To 
advance the effectiveness of such inspections, 
this study presents ultrasonic techniques to 
provide a benchmarking assessment for the 
quantification of defects around fastener sites.  
This study involved the use of aluminum panel 
stack ups representative of aircraft structural 
components.  Using immersion ultrasound 
techniques the specimens were examined for 
known fatigue cracks and electric discharge 
machined (EDM) notches at various fastener 
sites.  Flaw intensity, size, and time of flight 
(TOF) data from the ultrasound scans were 
assessed with respect to physical parameters of 
defect length and depth through the panels.  
Initial assessments suggested a possible 
correlation between measured ultrasound 
parameters of flaw intensity and size and known 
physical defect length.  However, to improve 
analytical reliability and efficiency, development 
of automated data analysis (ADA) algorithms 
has been initiated.  Preliminary results from ADA 
have shown promise for enhanced detection and 
quantification of defects.   
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High Energy and Nonlinear UT 
 
Evaluation of Void Nucleation of Fatigued 
Al6061-T6 with Nonlinear Ultrasound 
---Tack Gyu Lee, To Kang, Hun-Hee Kim, Sung-
Jin Song, and Hak-Joon Kim, School of 
Mechanical Engineering, Sungkyunkwan 
University, Suwon, Korea 
 
---Void nucleation and growth is usual fracture 
properties of ductile materials, and this void 
contributes critically to the formation of cracks, 
and sample will finally fails.  Void nucleation 
described by diffusion-driven aggregation 
accepted mechanism of failure is common under 
creep at elevated temperatures, while it is 
unusual under fatigue at room temperature.  
Nevertheless, fatigue voids of Al6061-T6 
containing numerous constituent particles of 
brittle phases dispersed in the ductile matrix 
were introduced ten years ago, but nonlinear 
ultrasonic characterization of these voids in 
Al6061-T6 have not been performed yet.  In the 
previous study, we observed voids near β-
Al5FeSi in fatigued Al6061-T6 samples with 
SEM observation, and characterized the fraction 
of voids with ultrasonic attenuation.  Because 
nonlinear ultrasound measurement is widely 
used for evaluating fatigued metals due to 
second harmonic signal generated by 
dislocation monopole and dipole vibration, it is 
suitable for evaluating fatigued Al6061-T6 
containing voids.  In this present study, we will 
measure nonlinearity of fatigued Al6061-T6 with 
fraction of voids, and evaluate how much 
nonlinearity affected by fraction of voids 
compared to dislocation monopole and dipole.---
This work was supported by the R&D program of 
the Korea Institute of Energy Technology 
Evaluation and Planning (KETEP) grant funded 
by the Korea government Ministry of Knowledge 
Economy (No.2010T100100756). 
High Energy and Nonlinear UT 
 
Regulation of Residual Stress in Elastic Solid 
Component with High-Energy Acoustic Field 
---Wentao Song, Chunguang Xu, Qinxue Pan, 
Xiangcheng Yang, Lang Xu, and Jun Guo, 
Beijing Institute of Technology, School of 
Mechanical Engineering, 5 South 
Zhongguancun Street, Haidian District, Beijing 
100081, China (PRC) 
 
---The ultrasonic regulation of internal residual 
stress in metal and nonmetal elastic solid 
component has been investigated.  High-energy 
ultrasonic wave is applied to carbon steel and 
ordinary flat glass for residual stress control.  An 
ultrasonic residual stress measurement device, 
developed with the acoustoelastic theory, is 
used to measure macro residual stress in time to 
evaluate the residual stress regulation 
effectiveness.  Based on the essence of residual 
stress, the interaction between acoustic wave 
and residual stress is analyzed and dislocations 
theory is considered.  When the ultrasonic 
energy supplied to the elastic solid is greater 
than the energy of dislocation, the internal 
residual stress will be released.  Experiments 
result shows that as high energy acoustic field is 
applied, the local residual tensile stress in elastic 
solid specimen will shift gradually to beneficial 
compressive stress; thus, the component’s 
fatigue strength, corrosion resistance, and 
service life will be greatly improved.  
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High Energy and Nonlinear UT 
 
Nonlinear Acoustic Measurements Ahead of 
a Notch During Fatigue 
---Mark P. Blodgett, Air Force Research Lab, 
Nondestructive Evaluation Branch, Wright 
Patterson Air Force Base, Dayton, OH 45433; 
Richard W. Martin, Ryan D. Mooers, Alisha L. 
Hutson, and Shamachary Sathish, University of 
Dayton Research Institute, Structural Integrity 
Division, Dayton OH 45469 
 
---Several research groups have shown that 
nonlinear acoustic measurement has potential to 
detect accumulating fatigue damage in metals.  
The results show that the nonlinear acoustic 
parameter (beta) increases by hundreds of 
percent before the sample fractures.  Most of the 
measurements have been performed on dog 
bone samples, subjected to fatigue, and beta 
measured at multiple locations along the gage 
length, for increasing number of cycles.  In these 
samples, the fatigue damage accumulates over 
the entire gage section with eventual fracture 
occurring where the stress concentration is high.  
Although measurements have been effective in 
demonstrating the potential of the method, the 
experiments are very time consuming.  It is well 
known that the damage may accumulate at a 
defect, inclusion or geometric irregularity.  To 
evaluate the variation of beta in such regions in 
a regular dogbone sample is difficult as the 
location of such features may not be known a 
priori.  This paper explore  s the possibility of 
measuring beta ahead of a starter notch in a dog 
bone sample of Al 7075-T6 subjected to fatigue.  
The paper presents sample and transducer 
configuration designs to measure beta while the 
sample is being fatigued.  The resulting beta 
measurements is compared with the crack 
length measurements on the same sample.  The 
limitation and possibility of improving spatial 
resolution for beta measurements ahead of 
crack tip are discussed.  
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SESSION 30 
NDE FOR CIVIL ENGINEERING MATERIALS AND STRUCTURES II 
C. C. H. Lo, Iowa State University, Chairperson 
Grand Mesa Ballroom C 
 
 
 
3:30 PM  Seismic Detection of Border Tunnels 
---P. M. Kani and R. A. Kline, San Diego State University, Department of Mechanical Engineering, 
San Diego, CA 92182-1323 
 
3:50 PM  Eddy Current Inspection of Concrete Embedded Steel Members 
---G. V. Minesawa, E. Sasaki, C. Miki, K. Kozeki, and K. Suzuki, Tokyo Institute of Technology, 
Civil Engineering Department, Tokyo, Japan 
 
4:10 PM Automatic Assessment of Concrete Conditions from Ground Penetrating Radar Data 
---Z. Xie, X. Wei, and Y. Zhang, Georgia Institute of Technology, School of Electrical and Computer 
Engineering, Atlanta, GA 30332 
 
4:30 PM Evaluation of Eddy Current and Magnetic Techniques for Inspecting Rebars in Bridge 
Barrier Rails 
---N. Nakagawa and C. C. H. Lo, Iowa State University, Center for NDE, 1915 Scholl Road, Ames, 
IA  50122 
 
4:50 PM  Clutter Suppression in GPR Data Using an Adaptive Approximation Method 
---X. Wei, M. Zhu, Z. Xie, and Y. Zhang, Georgia Institute of Technology, 210 Technology Circle, 
Savannah, GA 31407 
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3:30 PM 
 
Seismic Detection of Border Tunnels 
---Philip M. Kani and Ronald A. Kline, San 
Diego State University, Department of 
Mechanical Engineering, San Diego, CA 92182-
1323 
 
---Current means of border tunnel detection is 
principally limited to ground penetrating radar. 
This approach does not work efficiently in typical 
soils like clay and loam, which limits detection 
depth to only several feet. Tunnels for drug 
trafficking can be as deep as 100 feet. However, 
seismic reflection surveying is unaffected by 
these soils and allows the detection at vastly 
greater depths. Tunnel detection is extremely 
crucial to national security in addition to the war 
on drugs. The simulation we developed is able 
to predict how the tunnels can be detected in a 
seismic reflection survey and is based on a 2-D 
second order staggered grid PSV finite 
difference scheme. It is based on the 2-D 
isotropic, elastic PSV velocity and stress 
systems of equations. The simulation has a top 
free surface and absorbing boundary conditions 
on the sides and bottom. To detect the 
reflections an array of sensors is proposed; 
located at varying distances from the source. 
These sensors record horizontal and vertical 
velocities. The velocities are then integrated to 
find displacements. To validate the model was 
accurate it was compared to the classic Lamb’s 
solution for displacements from an impulse point 
source on the surface, of a semi-infinite solid.   
3:50 PM 
 
Eddy Current Inspection of Concrete 
Embedded Steel Members 
---George V. Minesawa, Eiichi Sasaki, Chitoshi 
Miki, Kanako Kozeki, and Keigo Suzuki, Tokyo 
Institute of Technology, Civil Engineering 
Department, Tokyo, Japan 
 
---Accidental failure of bridge structural elements 
have occurred due to corrosion damage of the 
steel H profile at the location where the member 
passes through RC deck, a location difficult to 
inspect by current NDE technologies.  This study 
investigates the applicability of Eddy Current 
(EC) inspection to detection of corrosion 
damage in concrete embedded steel members.  
3D FEM analysis of the inspection target steel 
member embedded in concrete and of the EC 
probe was performed for validating the 
inspection procedure and selecting appropriate 
inspection parameters such as frequency for 
various defect conditions.  For comparison, EC 
inspection was conducted on steel specimens 
with artificial defects.  In addition, real-size 
concrete embedded steel H profile specimens 
have been prepared to reproduce actual 
damaged member inspection conditions.  Off-
the-shelf single probes have limitations when 
applied to concrete embedded steel flaws; 
therefore numerical analysis of alternative 
designs for EC probe coil configuration was 
performed.  The applicability of Eddy Current to 
inspection of concrete embedded steel profiles 
was investigated by numerical and laboratory 
tests on specimens with artificial defects.  
Limitations of the off-the-shelf EC technology 
were identified and an alternative probe design 
has been suggested.   
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4:10 PM 
 
Automatic Assessment of Concrete 
Conditions from Ground Penetrating Radar 
Data 
---Zhenhua Xie, Xiangmin Wei, and Ying Zhang, 
Georgia Institute of Technology, School of 
Electrical and Computer Engineering, Atlanta, 
GA 30332 
 
---Ground Penetrating Radar (GPR) is a 
nondestructive evaluation method for subsurface 
exploration and has been widely used in 
concrete condition assessment.  Current GPR 
data interpretation for concrete condition 
assessment is based on the deterioration map, 
which is a contour plot generated from the 
depth-corrected normalized reflection 
amplitudes from the top layer of rebar.  The 
major drawback of such assessment method is 
that it only provides the amplitude information 
and cannot give a direct description of the local 
medium condition. Subsurface materials are 
often seen as dielectrics with the description 
parameters permittivity and conductivity. The 
physical or chemical change of the subsurface 
material will affect its dielectric properties, which 
cause variation of permittivity and conductivity 
values. To provide more accurate and efficient 
assessment of the concrete conditions, this 
paper develops an automatic approach to 
generate the distribution maps of dielectric 
permittivity and electrical conductivity in 
concrete materials using GPR data. The 
automatic approach combines the template 
mapping and conic fitting algorithms to extract 
the hyperbolic rebar reflections. These 
hyperbolic curves are used to estimate the GPR 
propagation velocities and locate rebar at 
different locations, which are used to further 
calculate the relative dielectric permittivity above 
each rebar since the propagation velocity are 
mainly determined by the relative dielectric 
permittivity under high GPR scanning frequency. 
Then the electrical conductivity is calculated 
using the dielectric permittivity and the 
attenuation coefficient. The permittivity and 
conductivity maps can be used to evaluate 
physical properties of concrete, such as water 
content, mineralization, and porosity. The 
effectiveness of the proposed method is verified 
using both numerical simulation and 
experimental testing. 
4:30 PM 
 
Evaluation of Eddy Current and Magnetic 
Techniques for Inspecting Rebars in Bridge 
Barrier Rails 
---N. Nakagawa and C. C. H. Lo, Iowa State 
University, Center for NDE, 1915 Scholl Road, 
Ames, IA  50122 
 
---This paper reports on a feasibility study of 
using eddy current (EC) and magnetic flux 
leakage (MFL) methods to detect corrosion 
damage in rebars, which anchor concrete rails to 
the road deck of some bridge structures.  
Although it is possible to detect fully fractured 
anchor using ultrasound techniques, assessing 
the conditions of weakened anchors, in 
particular the extent of material loss, remains a 
challenge and a high priority for highway safety.  
In this work, the feasibility of detecting material 
loss in rebars by EC and MFL at the required 
minimum inspection distance of 2.5” was 
evaluated, using rebar samples that were 
machined to produce 25% and 50% reduction of 
diameter.  EC scans over the defects were 
performed using a commercial rebar locator. A 
sharp signal reduction was observed for the 
50% loss sample when the edges of the sensor 
probe were in close proximity of the defect.  MFL 
study was carried out using a custom-made 
sensor probe that utilizes giant 
magnetoresistance sensors to detect leakage 
fields from the defects.  Both the 25% and 50% 
loss defects were readily detected in the c-scan 
MFL images, indicating the potential of the 
technique for detecting corrosion damage to 
rebars in concrete bridge barrier rails. 
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4:50 PM 
 
Clutter Suppression in GPR Data Using an 
Adaptive Approximation Method 
---Xiangmin Wei, Ming Zhu, Zhenhua Xie, and 
Ying Zhang, Georgia Institute of Technology, 
210 Technology Circle, Savannah, GA 31407 
 
---Ground Penetrating Radar (GPR) is a 
promising non-destructive technology to detect 
the rebar anomalies of concrete road or bridge 
decks.  The detection performance of GPR is 
heavily limited by clutters. The clutters mainly 
consist of antenna crosstalk, ground bounce, 
concrete roughness scattering and reflection 
and exhibit much higher amplitude than the 
target signal, which makes it fairly difficult to 
identify the target reflection. The clutters are 
unrelated to the target, but present in the same 
sample time window and have similar spectral 
characteristics. The conventional methods such 
as average subtraction may not be able to 
remove the clutters to a satisfactory extent due 
to the roughness of the air-ground interface and 
the time-shift of the radar system. In this paper, 
an adaptive approximation method is proposed 
to suppress the clutters in GPR data and 
enhance the weak target reflections.  A concise 
set of wavelet bases is first selected according 
to the reference from an A-scan signal and the 
parameters of the bases are reasonably relaxed 
to a standard base set, then the clutters are 
approximated by searching the standard base 
set adaptively.  The results from both 
simulations and experiments have validated the 
effectiveness of removing clutters by the 
proposed method. 
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SESSION 31 
NDE CHALLENGES AND BENCHMARKING 
E. Lindgren (Air Force Research Lab) and  
L. W. Schmerr, Jr. (Iowa State University), Co-Chairpersons 
Grand Mesa Ballroom A 
 
 
 
3:30 PM USAF Perspective on Foundational Challenges for Enhanced Damage Sensing 
---E. A. Lindgren1, D. Stargel2, 1U.S. Air Force Research Laboratory, Wright-Patterson AFB,  
OH 45433-7816; 2U.S. Air Force Office of Scientific Research, Arlington, VA 22203-1768 
 
4:10 PM  Eddy Current Inversion for Damage Characterization 
---J. R. Bowler, Iowa State University, Center for NDE, 1915 Scholl Road, Ames, IA  50011 
 
4:50 PM  Ultrasonic Inversion for Flaw Sizing – An Overview 
---L. W. Schmerr, Jr., Iowa State University, Center for NDE, 1915 Scholl Road, Ames, IA 50011 
 
5:10 PM  Numerical Results for the WFNDEC 2012 Eddy Current Benchmark Problem 
---T. Theodoulidis and I. Martinos, University of Western Macedonia, Department of Mechanical 
Engineering, Kozani, Greece; N. Poulakis, Technological Educational Institute of Western 
Macedonia, Department of Electrical Engineering, Kozani, Greece  
 
5:30 PM 2012 Eddy Current Benchmark: EC Modeling of Impedance Variation in Coil Due to a Thin 
Longitudinal Through-Wall Notch in an Inconel 600 Tube 
---J. M. A. Rebello, C. G. Camerini, J. V. Rocha and M. C. L. Areiza, Federal University of Rio de 
Janeiro, Department of Metallurgical and Materials Engineering - COPPE/UFRJ, Rio de Janeiro, 
RJ, Brazil 
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3:30 PM 
 
USAF Perspective on Foundational 
Challenges for Enhanced Damage Sensing 
---Eric A. Lindgren1, David Stargel2, 1U.S. Air 
Force Research Laboratory, Wright-Patterson 
AFB, OH 45433-7816; 2U.S. Air Force Office of 
Scientific Research, Arlington, VA 22203-1768 
 
---Structural integrity programs of the United 
States Air Force (USAF) includes periodic 
inspection to detect damage before it grows to a 
critical size that can impact the safety of USAF 
systems.  Current inspection methods have 
been used successfully to ensure the required 
risk metrics for these systems are being met as 
mandated by the relevant USAF Standards.  
However, there is a continual desire to improve 
the capability of inspection methods while 
increasing the efficiency and reliability of these 
methods.  As new approaches are being 
explored for the enhancement of damage 
sensing, a number of foundational issues that 
represent hurdles for the application of these 
enhancements have been identified.  This 
presentation will provide short background of 
how damage sensing is used by the USAF and 
then will expand on the identified foundation 
challenges that represent technical barriers to 
the implementation of these enhanced damage 
sensing methods.  As the desired capability of 
the damage sensing methods expand from 
detection of damage to the characterization of 
damage, the degree of complexity grows and 
additional challenges emerge.  Challenges for 
detection, localization, and characterization will 
be illustrated by representative case studies and 
possible options for technical approaches to 
address these challenges will be explored. 
 
4:10 PM 
 
Eddy Current Inversion for Damage 
Characterization 
---J. R. Bowler, Iowa State University, Center 
for NDE, 1915 Scholl Road, Ames, IA  50011 
 
---Eddy-current inversion is the process whereby 
the geometry and possibly material properties of 
a region of damage or other anomalous material 
variation in a conductor, is inferred from probe 
measurements. For brevity here, we refer to an 
anomalous region we wish to characterize as a 
flaw. A robust approach to inversion is one 
based on an optimization scheme that seeks to 
minimize a global error metric quantifying the 
overall mismatch between a set of probe 
measurement and a corresponding set of flaw 
signal predictions. The latter are typically 
computed from a physical model using a 
tentative estimate of the flaw. The procedure 
seeks to minimize the error metric by varying the 
modeled flaw systematically, usually by applying 
a descent algorithm that is based on knowledge 
of the gradient of the error with respect to a 
variation of the flaw geometry. In this talk we 
shall examine the variations on the theme of 
inversion as conceived in this way and consider 
related topics. For example, at a basic level it is 
useful to define error bounds on the estimated 
flaw size and shape. If inversion is to be widely 
used one needs to be able to assess regions of 
damage from limited data and in conditions that 
may be far from ideal. Dealing with confounding 
factors in an inspection leads to uncertainties 
that can and should be quantified. An effective 
way of doing this is to partner the physical 
models with those of statistics.---This material is 
based upon work supported by the Air Force 
Research Laboratory under Contract #FA8650-
04-C-5228 at Iowa State University’s Center for 
Nondestructive Evaluation. 
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4:50 PM 
 
Ultrasonic Inversion for Flaw Sizing – An 
Overview 
---Lester W. Schmerr, Jr., Iowa State 
University, Center for NDE, 1915 Scholl Road, 
Ames, IA 50011 
 
---For over 30 years, researchers in ultrasonic 
NDE have applied many different aspects of 
elastic wave propagation and scattering theory 
to try to obtain quantitative information on flaw 
size from a measured ultrasonic response.  In 
spite of those efforts, the practice of NDE flaw 
sizing in industry has changed little over the 
years.  Here we will examine some of the history 
of ultrasonic flaw sizing and discuss why 
modeling efforts have in large part failed to have 
an impact on practical flaw sizing.  We will also 
look at current trends in flaw sizing studies and 
offer some suggestions for the future.---This 
work was supported for L. W. Schmerr by the 
NSF Industry/University Cooperative Research 
Center at Iowa State University. 
5:10 PM 
 
Numerical Results for the WFNDEC 2012 
Eddy Current Benchmark Problem 
---Theodoros Theodoulidis and Ioannis 
Martinos, University of Western Macedonia, 
Department of Mechanical Engineering, Kozani, 
Greece; Nikolaos Poulakis, Technological 
Educational Institute of Western Macedonia, 
Department of Electrical Engineering, Kozani, 
Greece 
 
---We present numerical results for the WFNEC 
2012 eddy current benchmark problem obtained 
with a commercial FEM package (Comsol).  The 
measurements of the benchmark problem 
consist of coil impedance values acquired when 
an inspection coil is moved along a longitudinal 
notch in an Inconel tube.  The coil is placed 
inside the tube in order to simulate eddy current 
testing of steam generator tubes.  Although the 
presented benchmark problem is ideal for 
solving with an integral method, we use FEM in 
order to check possible mesh issues with the 
thin-wall tube as well as the very narrow notch 
that represents a through-wall crack.  The 
simulation, however, runs very smoothly with 
minimal user interference (default settings used) 
and agreement between numerical and 
experimental results is excellent for all five 
inspection frequencies.  In this way, not only the 
used FEM approach is validated but also 
confidence on the measurement data is added.  
In addition to this comparison, we present the 
technical capabilities of our nondestructive 
testing lab (group's acronym MEANDER = 
Magnetic Electric Analysis for Non Destructive 
Evaluation Research) and we present a number 
of other eddy current testing benchmark 
configurations that involve both planar and 
cylindrical testpieces. 
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5:30 PM 
 
2012 Eddy Current Benchmark: EC Modeling 
of Impedance Variation in Coil Due to a Thin 
Longitudinal Through-Wall Notch in an 
Inconel 600 Tube 
---João M. A. Rebello, Cesar G. Camerini, João 
V. Rocha and Maria C. L. Areiza, Federal 
University of Rio de Janeiro, Department of 
Metallurgical and Materials Engineering - 
COPPE/UFRJ, Rio de Janeiro, RJ, Brazil 
 
---This communication presents the results 
obtained for the canonical problem of the control 
of eddy current measurements of a pancake coil 
interacting with a longitudinal through-wall notch 
in an Inconel 600. The experimental data were 
supported by the Benchmark Eddy Current 
2012, as released by the WFNDEC.  The 
softwares OPERA 3D and COMSOL were used 
by the authors to solve the proposed simulation 
problem. The simulated results were in good 
agreement with the experimental ones. However 
some simulated results exhibited a small 
variation in the impedance and electrical 
resistance between the base material and the 
region around the notch. The values of these 
changes were plotted as a function of the 
displacement of the sensor over the notch 
region. The calculi were made for frequencies of 
25kHz to 200kHz.  A good agreement was 
obtained at low frequency. However, the 
simulation at high frequencies presented 
differences, which can be attributed to the mesh 
refining. The finite elements in both softwares 
should be adjusted to two regions: the change of 
the small notch region and its neighborhood. It is 
important to adjust the mesh size parameter to 
compensate the low skin depth inherent to eddy 
current testing at high frequencies. 
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SESSION 32 
NDE FOR ADVANCED MANUFACTURING AND PROCESS CONTROL 
W. Rummel, D&W Enterprises, Ltd., Chairperson 
Grand Mesa Ballroom B 
 
 
3:30 PM QNDE: Key to Developing Cutting-Edge Tools for Manufacturing and Product Longevity 
---J. T. Fong, National Institute of Standards & Technology, Applied & Computational Mathematics 
Division, Gaithersburg, MD 20899-8910; D. Swanson, National Institute of Standards & 
Technology, Technology Innovation Program, Gaithersburg, MD 20899-4750 
 
3:50 PM  Models for Process Compensated Resonant Testing (PCRT) of Silicon Nitride Balls 
---J. C. Aldrin, Computational Tools, Gurnee, IL, 60031; L. Jauriqui and L. Hunter, Vibrant 
Corporation, Albuquerque, NM 87109 
 
4:10 PM  Real Time Monitoring of Electroless Nickel Plating 
---A. E. Rains and R. A. Kline, San Diego State University, Department of Mechanical Engineering, 
San Diego, CA 92182-1323  
 
4:30 PM  Evolutionary Real-Time AE Classification 
---E. Pomponi, University Leipzig, Institute for Geophysics and Geology, Leipzig, Germany;  
A. Vinogradov, Togliatti State University, Laboratory for the Physics of Strength of Materials and 
Intelligent Diagnostic, Togliatti, Russia 
 
4:50 PM  False Call Rate Estimation 
---J. C. Aldrin, Computational Tools, Gurnee, IL 60031; J. S. Knopp, U.S. Air Force Research 
Laboratory, Wright-Patterson AFB, OH 45433-7817 
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3:30 PM 
 
QNDE: Key to Developing Cutting-Edge 
Tools for Manufacturing and Product 
Longevity 
---Jeffrey T. Fong, National Institute of 
Standards & Technology, Applied & 
Computational Mathematics Division, 
Gaithersburg, MD 20899-8910; David Swanson, 
National Institute of Standards & Technology, 
Technology Innovation Program, Gaithersburg, 
MD 20899-4750 
 
---Based on the June 2011 PCAST’s Advanced 
Manufacturing (AM) Report, and the March 2012 
NIST Advanced Manufacturing Initiative (AMI) 
Document on establishing the AM National 
Program Office for coordinating a public-private 
research effort to develop cutting-edge tools for 
American manufacturers to compete, we present 
a technical analysis of the computer-driven state 
of manufacturing science and technology, and 
assert that the key to developing such tools lies 
in a rapidly-evolving discipline known as 
“Quantitative Nondestructive Evaluation 
(QNDE).” Our principal argument has three 
parts: (1) Manufacturing a new product needs 
QNDE for in-line process control and product 
inspection.  (2) Servicing a product within a 
complex configuration without unexpected 
downtime requires QNDE for inspection and 
trouble-shooting.  (3) Preventing high-
consequence failure of an aged product has 
recently become feasible by combining in-line 
model-based QNDE with virtual failure 
simulations in a computer.  The capacity to 
predict with confidence the onset of imminent 
product failure can also be applied to 
manufacturing as a key focus of AMI.  To 
illustrate our thesis, examples of aircraft and 
wind turbine blade manufacturing using 
composite materials are presented with a 
qualitative impact analysis of the trade-off 
between cost and benefits of QNDE. 
3:50 PM 
 
Models for Process Compensated Resonant 
Testing (PCRT) of Silicon Nitride Balls 
---John C. Aldrin, Computational Tools, 
Gurnee, IL, 60031; Leanne Jauriqui and Lem 
Hunter, Vibrant Corporation, Albuquerque, NM 
87109 
 
---The paper presents recent progress to model 
process compensated resonant testing (PCRT) 
for Silicon Nitride balls.  An analytical model was 
developed that accurately describes the series 
of Surface Acoustic Wave (SAW) and 
intermediate Whispering Gallery (WG) modes 
that are present throughout the wide frequency 
range of interest.  The analytical model was also 
used to generate mode shapes, providing insight 
into their motion at the surface and their unique 
profiles with respect to depth into the ball.  This 
analytical model was also extended to provide a 
full frequency response function model that 
generally matched the frequency and amplitude 
trends in the experimental data.  A finite element 
method model of an elastic sphere was also 
developed to study the effect of surface flaws on 
the modal response.  Due to the approximate 
nature of the model, it was not feasible to 
directly match the model with experimental data.  
However, the trends produced by the model 
were still considered useful to better understand 
the variation in the SAW and WG modes with 
changes in the flaw characteristics.  Using the 
numerical model, it was shown that the higher 
frequency SAW modes will degenerate in most 
cases as shifts lower in frequency with 
increasing crack dimensions. 
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4:10 PM 
 
Real Time Monitoring of Electroless Nickel 
Plating 
---Aaron E. Rains and Ronald A. Kline, San 
Diego State University, Department of 
Mechanical Engineering, San Diego, CA 92182-
1323  
 
---Electroless Nickel (EN) plating is commonly 
used for corrosion and wear protection for 
automotive and aerospace components. It plates 
evenly and symmetrically, theoretically allowing 
the part to be plated to its final dimension. 
Currently the standard approach to monitoring 
the thickness of the deposited nickel is to 
remove the component from the plating bath and 
physically measure the part. This can lead 
plating problems such as pitting, non-adhesion 
of the deposit and contamination of the plating 
solution.  The goal of this research effort is to 
demonstrate that plating thickness can be 
rapidly and accurately measured using 
ultrasonic testing. Here a special housing is 
designed to allow immersion of the ultrasonic 
transducers directly into the plating bath. An FFT 
based signal processing algorithm was 
developed to resolve closely spaced echoes for 
precise thickness determination. The technique 
in this research effort was found to be capable of 
measuring plating thicknesses to within 0.0002 
inches. It is expected that this approach will lead 
to cost savings in many EN plating operations. 
4:30 PM 
 
Evolutionary Real-Time AE Classification 
---Eraldo Pomponi, University Leipzig, Institute 
for Geophysics and Geology, Leipzig, Germany; 
Alexei Vinogradov, Togliatti State University, 
Laboratory for the Physics of Strength of 
Materials and Intelligent Diagnostic, Togliatti, 
Russia 
 
---A common target of clustering in acoustic 
emission (AE) NDT inspection technique, is to 
furnish a classification that sheds some light on 
the underlying process/processes that originated 
the acoustic emission signals in terms of source 
mechanisms (i.e. plastic deformation, crack 
initiation, corrosion cracking etc.) and their 
spatial and temporal distribution.  Several 
clustering techniques have been devised and 
proven effective for laboratory and industrial 
applications.  K-means and fuzzy c-means 
schemes are among the best known and widely 
used for this purpose, though both are iterative 
processes that bad adapt to work in real-time.  
On the other hand, it is the on-line monitoring 
capability that make AE so appealing in a fierce 
competition with other NDT techniques.  Inspired 
by sequential k-means, i.e., a non-iterative 
variant of classic k-means, we present a novel 
classification technique designed for real-time 
applications.  The proposed approach is 
completely “unsupervised”, i.e., both the number 
of classes and their elements are inferred from 
the data distribution in a multi-dimensional 
metric space.  A series of tests/comparisons on 
different datasets has been performed to prove 
the efficiency/effectiveness of the proposed 
approach.  
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4:50 PM 
 
False Call Rate Estimation 
---John C. Aldrin, Computational Tools, 
Gurnee, IL 60031; Jeremy S. Knopp, U.S. Air 
Force Research Laboratory, Wright-Patterson 
AFB, OH 45433-7817 
 
---Although NDE technique reliability 
demonstrations are typically centered on an 
evaluation of probability of detection, another 
important parameter to evaluate is the false call 
rate.  For many NDE and SHM applications, the 
false call rate directly impacts overall life-cycle 
management costs.  Thus, it is important to 
perform an accurate estimate of the false call 
rate ideally with confidence bounds.   In this 
paper, several methods for estimation of the 
false call rate are presented.  In particular, 
bootstrapping methods were applied in 
conjunction with Gaussian and nonparametric 
models.  For an eddy current case study, the 
noise data distribution was found to have 
significant kurtosis, likely due to liftoff variation 
due to specimen surface conditions. The initial 
results using the bootstrapping technique 
resulted in non-conservative predictions due to a 
violation of the normal distribution assumption.  
To address the "heavy tail" behavior, a student 
T-distribution was selected to best address the 
noise data.  After applying bootstrapping to fit 
the student t-distribution, the estimated false call 
rate with confidence bounds was found to be in 
better agreement with the observed data.  
Although other data sets will likely require 
different model fits, this evaluation process can 
be generalized to estimate false call rate 
whenever measurement data is available. 
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SESSION 33 
NDE PROBES AND APPLICATIONS 
J. Welter (Air Force Research Lab) and L. Brasche (Iowa State University), Co-Chairpersons 
Chasm Creek AB 
 
 
 
3:30 PM Metamaterial-Inspired Miniaturized Microwave Edge Coupled Surface Scanning Probe Array 
---N. Wiwatcharagoses,  P. Chahal, and L. Udpa, Michigan State University, Department of 
Electrical and Computer Engineering, East Lansing, MI 48824 
 
3:50 PM Simulation of Pressure Waveform from Transducer with Backing and Matching Layer 
---Y. Udagawa, Imaging Supersonic Laboratories Co., Ltd., 12-7 Tezukayamanaka-machi, Nara-shi 
Nara-ken, Japan; G. Reim, Adaptive Energy, Tacoma, WA 98464-1389 
 
4:10 PM Simulation of A-Scope on Ultrasonic Equipment, Received by Transducer with Backing and 
Matching Layer 
---Y. Udagawa, Imaging Supersonic Laboratories Co., Ltd., 631-0063, Japan; G. Reim, Adaptive 
Energy, Tacoma, WA 98409 
 
4:30 PM Mode Conversion of Torsional Mode Generated by Electromagnetic Acoustic Transducer 
---Nurmalia, N. Nakamura, H. Ogi, and M. Hirao, Osaka University, Graduate School of 
Engineering Science, Toyonaka, Osaka, Japan 
 
4:50 PM  Pencil Beam Generation from a Focused Transducer 
---M. M. Mota, P. L. M. J. van Neer, and A. Volker, TNO, Process and Instrumentation 
Development, Delft, The Netherlands 
 
5:10 PM  High Resolution Mechano-Optical Method for Acoustic Field Measurements in Air 
---J. T. Welter1, S. Sathish2, P. G. Brodrick3, and M. R. Cherry2, 1Nondestructive Evaluation 
Branch, Wright-Patterson AFB; 2University of Dayton Research Institute, Dayton OH 45469-0127; 
3Southwestern Ohio Council for Higher Education, Dayton OH 45433 
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3:30 PM 
 
Metamaterial-Inspired Miniaturized 
Microwave Edge Coupled Surface Scanning 
Probe Array 
---Nophadon Wiwatcharagoses,  Premjeet 
Chahal, and Lalita Udpa, Michigan State 
University, Department of Electrical and 
Computer Engineering, East Lansing, MI 48824 
 
---It is desirable to have low-cost, highly-
sensitive probe arrays that can characterize or 
image the surface of a sample with high 
throughput. Towards this endeavor, in this 
paper, we present a novel sensor array built 
using a host of split ring resonators (SRRs) 
coupled to microstrip transmission lines. The 
resonance frequency of this structure is 
extremely sensitivity to capacitance change of 
the SRR. The structure is very compact and thus 
allows in the interrogation of samples down to 
sub-wavelength resolution.  Multiple SRRs 
having different resonance frequency (in the X-
band) are implemented in a single circuit for 
near-field imaging of large samples. This paper 
will outline the details of design, fabrication and 
testing of this novel scanning probe array. 
3:50 PM 
 
Simulation of Pressure Waveform from 
Transducer with Backing and Matching Layer 
---Yoshio Udagawa, Imaging Supersonic 
Laboratories Co., Ltd., 12-7 Tezukayamanaka-
machi, Nara-shi Nara-ken, Japan; Guy Reim, 
Adaptive Energy, Tacoma, WA 98464-1389 
 
---We measure pressure waveform generated by 
commercial low-frequency wide band 
transducers with ultrasonic visualization 
technique.  Avoid distortion of lens, we use 
telecentric system. Then we found the 
waveforms are uni-pole(half wave) pressure.  
We analyzed pressure from piezoelectric plate, 
distortion by coaxial cable and transmitter 
electrical impedance, and propagation through 
backing and matching layers.  According to 
analysis, we developed simulation software.  
The output is very close to real transducers.  We 
use this software to design transducers.  We 
developed simple method to measure pressure 
wave form by high frequency transducers and 
high impedance amplifier.  
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4:10 PM 
 
Simulation of A-Scope on Ultrasonic 
Equipment, Received by Transducer with 
Backing and Matching Layer 
---Yoshio Udagawa, Imaging Supersonic 
Laboratories Co., Ltd., 631-0063, Japan; Guy 
Reim, Adaptive Energy, Tacoma, WA 98464-
1389 
 
---The propagation of sound is almost simulated 
by finite element method based on wave 
equation.  But A-scope is not simulated.  The 
wave form of input pressure to a transducer is 
differs from A scope. The receiving 
characteristic of a transducer is not sure 
generally.  We use observed A-scope when a 
transducer receive uni-pole pressure wave to 
simplify discussion.  The uni-pole pressure is 
confirmed by ultrasonic visualization method.  
We mentioned about action of matching layer 
and potential on piezoelectric-material. We 
made simulation software and get a realistic 
result. 
4:30 PM 
 
Mode Conversion of Torsional Mode 
Generated by Electromagnetic Acoustic 
Transducer 
---Nurmalia, N. Nakamura, H. Ogi, and M. 
Hirao, Osaka University, Graduate School of 
Engineering Science, Toyonaka, Osaka, Japan 
 
---Torsional wave that propagates in pipes is 
less affected by surface roughness and water 
loading.  This feature enables the wave to 
propagate for a long distance and is suitable for 
pipe inspection.  Except for the fundamental 
one, every higher mode is dispersive and its 
group velocity depends on the thickness of 
waveguide.  In this study, velocity change by 
mode conversion is focused.  When a higher 
mode reaches a thinning region whose 
remaining thickness is less than the cut-off 
thickness, the mode should convert to lower 
modes.  This conversion is expected to cause 
significant change in the group velocity, which 
provides the basis for pipe inspection.  Group 
velocity change here was examined using 
electromagnetic acoustic transducers (EMATs).  
Fundamental T(0,1) and first higher T(0,2) 
modes were propagated in several defected 
aluminum pipes.  Group velocity of T(0,1) was 
found to be constant regardless different 
defect’s depth since it’s nondispersive.  
However, that of T(0,2) decreased when the 
defect was deeper than a specific value, 
indicating conversion into lower mode with 
higher group velocity, at the defect.  The group 
velocity of each mode propagating in different 
thickness was measured and found to be in 
good agreement with the theoretical dispersion 
curve of torsional mode.    
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4:50 PM 
 
Pencil Beam Generation from a Focused 
Transducer 
---M. Melo Mota, P. L. M. J. van Neer, and A. 
Volker, TNO, Process and Instrumentation 
Development, Delft, The Netherlands 
 
---Scanning using a focused transducer gives a 
narrow focus depth, although locally there is a 
high resolution.  Because the focal point can be 
considered as a second source, the wavefield 
can be split in its causal and anticausal parts.  
Imaging can be performed efficiently with a 
mapping algorithm in the wavenumber domain 
(Stolt migration), achieving a pencil beam.  This 
work investigates the potential of this mapping 
algorithm on simulated and experimentally 
obtained pulse-echo data of a line of point 
deflectors (pins) mounted in a water tank.  The 
simulated dataset was created using an in-
house implementation of a wavefield 
extrapolation algorithm, and the experimental 
dataset was obtained using an xyz-system. A 
1MHz transducer was used with diameter 1.5’’ 
and focal distance 3’’.  The aforementioned 
concept is illustrated on simulated data, where 
the -10dB lateral point spread functions (PSF) 
were improved by 91.3%, 0% and 87.5% in the 
near-field (2.5cm), focus (7.4cm) and far-field 
(13.5cm), respectively.  Measurements confirm 
this pattern, and showed improvements in the 
PSFs by 83.3%, 0% and 54.5% at the same 
distances.  The resolution enhancement, 
produced by the mapping algorithm, is such that 
effectively a pencil beam is obtained in both the 
simulations and experiments. 
5:10 PM 
 
High Resolution Mechano-Optical Method for 
Acoustic Field Measurements in Air 
---J. T. Welter1, S. Sathish2, P. G. Brodrick3, and 
M. R. Cherry2, 1Nondestructive Evaluation 
Branch, Wright-Patterson AFB; 2University of 
Dayton Research Institute, Dayton OH 45469-
0127; 3Southwestern Ohio Council for Higher 
Education, Dayton OH 45433 
 
---Acoustic fields are typically visualized by 
measuring spatial variation of pressure in a 
medium, using optical (ie: Schlieren, laser 
interferometry) and electro-mechanical (ie: 
transducers, micro-electro-mechanical sensors) 
methods. These methods have limited ability to 
visualize acoustic fields in air, especially at high 
spatial resolution (<0.5 mm2).  This paper 
presents a method to detect and quantify the 
acoustic fields in air by measuring the 
displacements of a micro-reflector attached to 
fiber with a laser interferometer. The potential of 
the method is demonstrated by measuring 
acoustic pressure of an air coupled transducer, 
and the variation of acoustic pressure in the 
focal region of an air coupled acoustic lens.  In 
the current experimental arrangement an 
approximate spatial resolution of 250 microns 
and an approximate acoustic pressure of 7 mPa 
have been demonstrated.   A physics based 
mathematical model is presented that has been 
used to analyze the spatial resolution and 
acoustic pressure.  Limitations of the method 
and possible improvements to achieve higher 
spatial and temporal resolution are discussed. 
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SESSION 34 
NDE OF PIPES AND VESSELS 
M. Moles, Olympus NDT, Chairperson 
Wind River AB 
 
 
 
3:30 PM  Ultrasonic Scatterer Detection in a Pipe Under Operating Conditions Using PCA 
---C. Liu, Y. Ying, M. Bergés, J. H. Garrett, Jr., and I. J. Oppenheim, Carnegie Mellon University, 
Department of Civil and Environmental Engineering, Pittsburgh, PA 15213; J. B. Harley, N. 
O’Donoughue, D. W. Greve, and J. M. F. Moura, Carnegie Mellon University, Department of 
Electrical and Computer Engineering, Pittsburgh, PA 15213; M. H. Altschul, Carnegie Mellon 
University, University Engineer, Pittsburgh, PA 15213 
 
3:50 PM Development of a Novel Ultrasonic Temperature Probe for Long-Term Monitoring of Dry 
Cask Storage Systems 
---S. Bakhtiari, K. Wang, T. W. Elmer, E. Koehl, and P. Raptis, Nuclear Engineering Division, 
Argonne National Laboratory, 9700 S. Cass Avenue, Lemont, IL 60439 
 
4:10 PM Magnetic Flux Leakage: Experimental and Numerical Study of the Influence of Induced 
Currents 
---D. Ziella, J. I. Etcheverry, and G. A. Sánchez, Center for Industrial Research, Applied Physics 
Department, Campana, Buenos Aires, Argentina 
 
4:30 PM  Faraday Induction Effect Applied to the Detection of Defects in a Moving Plate 
---H. G. Ramos, T. J. Rocha, D. J. Pasadas, and A. L. Ribeiro, Instituto de Telecomunicações; 
Instituto Superior Técnico, UTL, Lisboa, Portugal 
 
4:50 PM A Plate Waveguide Design for Ultrasonic Flow Measurement in Hostile Environments 
---M. Laws, S. N. Ramadas, and S. M. Dixon, University of Warwick, Department of Physics, 
Gibbet Hill Road, Coventry CV4 7AL, United Kingdom 
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3:30 PM 
 
Ultrasonic Scatterer Detection in a Pipe 
Under Operating Conditions Using PCA 
---Chang Liu, Yujie Ying, Mario Bergés, James 
H. Garrett, Jr., and Irving J. Oppenheim, 
Carnegie Mellon University, Department of Civil 
and Environmental Engineering, Pittsburgh, PA 
15213; Joel B. Harley, Nicholas O’Donoughue, 
David W. Greve, and José M. F. Moura, 
Carnegie Mellon University, Department of 
Electrical and Computer Engineering, 
Pittsburgh, PA 15213; Martin H. Altschul, 
Carnegie Mellon University, University Engineer, 
Pittsburgh, PA 15213 
 
---Pipes carrying fluids under pressure are 
critical components in infrastructure and 
industry.  Piezoelectric transducers bonded to 
the pipe produce guided waves that propagate 
long distances and illuminate the whole pipe, but 
it is difficult to recognize the change produced 
by a scatterer because of the many wave 
modes.  Moreover, under working conditions, 
the environmental and operational variations 
produce significant changes in pitch-catch 
signals, which would produce false-positive 
results with conventional change detection 
methods.  We instrumented pressurized pipe 
segments in a working hot-water supply system 
that experiences ongoing variations in pressure, 
temperature, and flow rate in an environment 
that is noisy mechanically and electrically.  We 
conducted pitch-catch tests between 
transducers located roughly 16 diameters apart 
on a 10-in. diameter pipe.  We show significant 
environmental and operational variations, even 
after temperature compensation.  At several 
different time intervals we applied and removed 
a grease-coupled mass scatterer on the pipe as 
a physical simulation of damage.  We then use 
principal component analysis (PCA) to build a 
change detector that is sensitive to the mass 
scatterer but insensitive to the changes 
produced by operational and environmental 
variations, and we show examples of its 
successful performance on several independent 
data sets.  We show that specific components 
are associated with the changes produced by 
the mass scatterer, while others are associated 
with the environmental variations. 
3:50 PM 
 
Development of a Novel Ultrasonic 
Temperature Probe for Long-Term 
Monitoring of Dry Cask Storage Systems 
---Sasan Bakhtiari, Ke Wang, Thomas W. 
Elmer, Eugene Koehl, and Paul Raptis, Nuclear 
Engineering Division, Argonne National 
Laboratory, 9700 S. Cass Avenue, Lemont, IL 
60439 
 
---With the recent cancellation of the Yucca 
Mountain repository and the limited availability of 
wet storage utilities for spent nuclear fuel (SNF), 
more attention has been directed toward dry 
cask storage systems (DCSSs) for long-term 
storage of SNF.  Consequently, more stringent 
guidelines have been issued for the aging 
management of dry storage facilities that 
necessitate monitoring of the conditions of 
DCSSs.  Continuous health monitoring of 
DCSSs based on temperature variations is one 
viable method for assessing the integrity of the 
system. In the present work, a novel ultrasonic 
temperature probe (UTP) is being tested for 
long-term online temperature monitoring of 
DCSSs.  Its performance was evaluated and 
compared with type N thermocouple (NTC) and 
resistance temperature detector (RTD) using a 
small-scale dry storage canister mockup. Our 
preliminary results demonstrate that the UTP 
system developed at Argonne is able to achieve 
better than 0.8 °C resolution, tested at 
temperatures of up to 400 °C.  The temperature 
resolution is limited only by the sampling rate of 
the current system.  The flexibility of the probe 
allows conforming to complex geometries thus 
making the sensor particularly suited to 
measurement scenarios where access is limited.   
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4:10 PM 
 
Magnetic Flux Leakage: Experimental and 
Numerical Study of the Influence of Induced 
Currents 
---Daniel Ziella, Javier I. Etcheverry, and 
Gustavo A. Sánchez, Center for Industrial 
Research, Applied Physics Department, 
Campana, Buenos Aires, Argentina 
 
---An experiment to measure the magnetic field 
inside a rotating pipe is described, where the 
magnetic field is applied by means of an 
electromagnet.  Pipes of dimensions 33mm x 
6.4mm, 44.45mm x 4.2mm and 60mm x 8.7mm 
were used, for different applied excitation 
currents and rotation speeds up to 1100 rpm.  
The intensity of the magnetic field inside the 
pipe, at low magnetic field intensities, decreases 
with increasing rotational speed.  This behavior 
is expected because of the influence of the 
induced currents.  At higher magnetic field 
intensities this effect disappears.  The presented 
results emphasize the importance of achieving 
an adequate level of saturation of the pipe wall: 
if the magnetic field inside the wall is too small, 
significant effects due to the exponential 
attenuation of the field inside the pipe are 
expected (and consequently big changes in 
signal strength due to small variations of wall 
thickness, or electromagnetic properties). 
 
4:30 PM 
 
Faraday Induction Effect Applied to the 
Detection of Defects in a Moving Plate 
---Helena G. Ramos, Tiago J. Rocha, Dário J. 
Pasadas, and Artur L. Ribeiro, Instituto de 
Telecomunicações; Instituto Superior Técnico, 
UTL, Lisboa, Portugal 
 
---Nowadays the importance of railways in 
surface transportation is rising again. This is 
partly due to the high quality service of trains, its 
convenience and also to some external factors.  
Safety in the railway network became a 
paramount issue and in addition maintenance 
costs must be kept at the lowest value. 
Therefore, railway operators want to increase 
the rail inspection speed in order not to 
adversely affect the normal transportation 
service.  In order to increase the testing speed, 
this paper presents a new approach by 
exploiting the velocity of the object under test to 
produce the detector signal. The technique is a 
modified eddy current method. Surface eddy 
currents will result from the induction 
phenomena due to the relative movement 
between the rail and the transducer imposing 
the DC magnetic field. A giant magnetoresistor 
(GMR) will be used to detect the magnetic field 
perturbations produced by the surface currents 
when a defect exists. In this way an eddy current 
testing system (ECT) with a sensitivity that 
increases with the inspection speed is obtained.  
Besides the theoretical study of the 
electromagnetic system composed by the DC 
magnetic field applied to the moving conductive 
media and the sensing transducer, the paper 
describes the experiments that have been 
carried out to support the theory and results are 
presented for different materials at different 
testing speeds.  
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4:50 PM 
 
A Plate Waveguide Design for Ultrasonic 
Flow Measurement in Hostile Environments 
---M. Laws, S. N. Ramadas, and S. M. Dixon, 
University of Warwick, Department of Physics, 
Gibbet Hill Road, Coventry CV4 7AL, United 
Kingdom 
 
---Ultrasonic flow meters have been used for a 
huge range of applications, from monitoring the 
large volumes of gas passing through an off-
shore platform to measuring the quantity of gas 
flowing into an individual house.  However, 
traditional designs have suffered from some 
limitations, such as operational temperature 
range and the large number of transducers 
needed in order to accurately measure a flow.  
Our work aims to reduce these problems, initially 
focusing on the problems caused by extreme 
temperatures, by using of a novel plate 
waveguide which can act as a thermal buffer. 
The proposed waveguide consists of a series of 
thin flat rectangular metallic strips which can 
behave as waveguides with limited dispersion, 
however the multiple plates allow a large 
amount of energy to be transferred.  Finite 
element modelling was employed to study the 
dispersion behaviour of the proposed plate 
waveguide system.  A prototype waveguide 
consisting of 5 parallel steel plates has been 
built in order to carry out transmit-receive 
experiments both in a water tank and in air.  The 
transmit-receive experiments in water have 
shown that, without backing on the transducer or 
impedance matching on the radiating face, it is 
possible to detect a signal through these 
waveguides.  These results demonstrate the 
potential of this device for use in an ultrasonic 
flow meter.  However, there is still much design 
optimization required to make this device work 
for a given application.  
 
  
  
FRIDAY 
 
 
 
 
 
 
 
 
 
 
 
Session 35 – Ultrasonic Phased Arrays II .................... 204 
Session 36 – New NDE Sensors ................................. 210 
Session 37 – Techniques and Applications.................. 215 
Session 38 – Laser Ultrasonics ................................... 220 
 
 
 
  
FRIDAY, JULY 20, 2012 
 
 
 Session 35 
Ultrasonic 
Phased Arrays II 
Chasm Creek AB 
Session 36 
New NDE 
Sensors 
Grand Mesa 
Ballroom B 
Session 37 
Techniques and 
Applications 
Grand Mesa 
Ballroom C 
Session 38 
Laser 
Ultrasonics 
Grand Mesa 
Ballroom A 
8:30 AM     
8:50     
9:10     
9:30     
9:50     
10:10 
                          COFFEE BREAK  
10:30     
10:50     
11:10     
11:30     
11:50 
                         ADJOURN  
  
Session 35 
 
 
  - 204 - 
Friday, July 20, 2012 
 
SESSION 35 
ULTRASONIC PHASED ARRAYS II 
A. Gachagan, University of Strathclyde, Chairperson 
Chasm Creek AB 
 
 
  8:30 AM Maximizing the Sensitivity of Ultrasonic Array Inspection in the Presence of Structural Noise 
---P. D. Wilcox, M. Caleap, and A. Velichko, University of Bristol, Department of Mechanical 
Engineering, Bristol, United Kingdom 
 
  8:50 AM A New Speckle Noise Suppression Technique Using Cross-Correlation of Array Sub-
Apertures in Ultrasonic NDE of Coarse Grain Materials 
---T. Lardner, M. Li, R. Gongzhang, and A. Gachagan, University of Strathclyde, Centre for 
Ultrasonic Engineering, Department of Electronic and Electrical Engineering, 204 George Street, 
Glasgow G1 1XW, United Kingdom 
 
  9:10 AM Application of the Concept of Virtual Array to Synthetic Imaging Aperture  
---S. Bannouf, S. Robert, and O. Casula, CEA-LIST, DISC, Gif-sur-Yvette, France; C. Prada, 
Institut Langevin, Paris, France 
 
  9:30 AM Forming Non-Diffracting Beams Using a 2D Matrix Phased Array Probe 
---J. Menges and J. Bamberg, MTU Aero Engines, Dachauer Strasse 665, 80995 Munich, 
Germany 
 
  9:50 AM Root Crack Sizing Using Phased Array Inspection and Autoregressive Spectral 
Extrapolation Signal Processing 
---J. Caldwell, M. D. Moles, and T. N. Sinclair, University of Toronto, Department of Mechanical and 
Industrial Engineering, Toronto, Ontario, Canada; M. D. Moles, Olympus NDT, 48 Woerd Avenue, 
Waltham, MA 02451 
 
10:10 AM Break 
 
10:30 AM Load Difference Phased Array with Local Cooling for High-Selectivity Imaging of Closed 
Cracks 
---Y. Ohara, S. Murai, S. Horinouchi, K. Jin-nou, M. Ikeuchi, A. Ohuchi, and K. Yamanaka, Tohoku 
University, Department of Materials Processing, Sendai, Miyagi, Japan 
 
10:50 AM High Temperature Ultrasonic Phased Arrays for Operation and Maintenance of Liquid Metal 
Fast Reactors 
---L. J. Bond, M. Morra, J. Posakony, J. Griffin, M. Jones, R. Harris, D. Baldwin, and M. Edwards, 
Pacific Northwest National Laboratory, Richland, WA 99352 
 
11:10 AM Heavy Wall Pipe Line Inspection by Phased Array Ultrasonic Test (PAUT) and Comparison 
with Conventional NDT Methods 
---A. Yousefi and V. Badamian, Iranian Welding Research and Engineering Center; F. Marefat, 
Mapna Power Generation Co., Iran; A. Moradi and A. Yousefi, Kavosh Sanat Azar, Iran; S. M. 
Zolfaghari and H. Taheri, Parto Kavosh Shams, Iran; K. A. Louyeh, Abadgaran Andish, Tehran, 
Iran 
 
11:30 AM Rail Weld Inspection Using Phased Array Ultrasonics 
G. N. Namboodiri1, K. Balasubramaniam2, T. Balasubramanian1, J. James2, and Sriharsha2, 
1National Institute of Technology, Tiruchirappalli,  2Indian Institute of Technology, Madras 
 
11:50 PM Adjourn
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8:30 AM 
 
Maximizing the Sensitivity of Ultrasonic 
Array Inspection in the Presence of 
Structural Noise 
---Paul D. Wilcox, Mihai Caleap, and 
Alexander Velichko, University of Bristol, 
Department of Mechanical Engineering, 
Bristol, United Kingdom 
 
---The detection sensitivity of most ultrasonic 
NDE configurations, including array imaging, 
is limited by coherent noise due to micro-
structural scattering – so called structural 
noise.  If the structural noise in an image is 
assumed to arise predominantly from single 
scattering, a simple relationship between 
image noise level and the array imaging 
Point Spread Function (PSF) can be 
obtained. This approach correctly predicts 
the experimental observation that improved 
focusing increases the Signal to structural 
Noise Ratio (SNR) of small defects in an 
image. However, it also implies that the SNR 
can be increased indefinitely by increasing 
frequency. In practice this is not the case 
and the SNR peaks at some optimum, 
material-dependent frequency and then 
deteriorates. At this optimum frequency, the 
sensitivity of the inspection to small defects 
is maximized. In this paper, the single-
scattering model of array data is first 
reviewed and compared to experimental 
data obtained from a copper sample 
containing various artificial defects. A 
forward model based on multiple-scattering 
theory is developed and ensemble-averaged 
results from many different scatterer 
realizations are compared to experimental 
data. The multiple-scattering model results 
show the characteristic peak in SNR with 
frequency observed experimentally. The 
multiple-scattering model is then used to 
investigate methods of reliably determining 
the optimum NDE inspection frequency that 
maximizes SNR from an experimental 
measurement. 
8:50 AM 
 
A New Speckle Noise Suppression 
Technique Using Cross-Correlation of 
Array Sub-Apertures in Ultrasonic NDE of 
Coarse Grain Materials 
---Timothy Lardner, Minghui Li, Rui 
Gongzhang, and Anthony Gachagan, 
University of Strathclyde, Centre for 
Ultrasonic Engineering, Department of 
Electronic and Electrical Engineering, 204 
George Street, Glasgow G1 1XW, United 
Kingdom 
 
---In ultrasonic NDE, materials with coarse 
grains are difficult to inspect because large 
portion of energy will be reflected by the 
grains which cause speckle noise when 
imaging.  Coarse grain materials are widely 
used in industry therefore a suitable 
inspection technique must be developed.  
This paper presents Spatially Averaged 
Sub-Array Correlation Imaging (SASACI), an 
advanced method that reduces speckle 
noise.  The SASACI technique uses a delay-
and-sum algorithm to generate a separate 
focused image for every transmitting 
element in a Full Matrix Capture data set.  
Within the array, two sub-apertures are 
selected and used to generate images of the 
component features.  These images are 
input to a cross-correlation function in which 
a threshold is used to generate a weighting 
for each pixel.  The two images are then 
summed together before being multiplied by 
the individual pixel weightings.  SASACI was 
validated through comparison with the Total 
Focusing Method.  A mean noise reduction 
of over 20dB SNR was observed in finite 
element simulations, using PZFlex, with a 64 
element linear array, operating at 5MHz, 
directly coupled to an anisotropic dissimilar 
weld.  These improvements were paralleled 
experimentally when inspecting a highly 
scattering nickel alloy at 5MHz with a 128 
element array. 
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9:10 AM 
 
Application of the Concept of Virtual 
Array to Synthetic Imaging Aperture  
---Souad Bannouf, Sébastien Robert, and 
Olivier Casula, CEA-LIST, DISC, Gif-sur-
Yvette, France; Claire Prada, Institut 
Langevin, Paris, France 
 
---The application of synthetic aperture 
imaging technique to the full array response 
matrix (the so-called Full Matrix Capture) is 
sometimes described in the literature as the 
“gold standard” compared to conventional 
beamforming techniques, especially in terms 
of spatial resolution.  However, when the 
inspected component presents structural 
noise, resulting images may suffer from a 
low signal-to-noise ratio due to the individual 
excitation of the elements during acquisition.  
In this paper, we propose to use the concept 
of virtual sources in order to enhance 
synthetic aperture imaging quality in such 
cases.  A virtual source consists in a group 
of several adjacent elements time-delayed 
to emulate the radiation pattern of a single 
element with higher acoustic energy. 
Furthermore, the beam steering of each 
virtual source can be controlled by applying 
appropriate time-delays.  This allows to 
better insonify, and thus, to improve the 
imaging of a region of interest, especially  
when it is quite distant from the array axis.  
The interest of the technique is illustrated 
through experimental data performed on 
typical NDT configurations such as crack-
type defects in steel. 
9:30 AM 
 
Forming Non-Diffracting Beams Using a 
2D Matrix Phased Array Probe 
---Johanna Menges and Joachim Bamberg, 
MTU Aero Engines, Dachauer Strasse 665, 
80995 Munich, Germany 
 
---This paper presents a simple way to form 
non-diffracting narrow beams, also called 
bessel beams, with phased arrays. Normally 
non-diffracting beams are generated by 
using axiconical lenses.  The axiconical lens 
is simulated by phased array ultrasonic 
technique using a delay time distribution that 
is chosen according to the sound path in 
axiconical lenses.  The phased array probe 
is a 2D matrix array with 121 elements. 
Each element is driven by another delay 
time.  The delay times which are usually 
used for this probe to focus in different depth 
of the material are distributed spherically 
over the area of the probe.  To form a non-
diffracting beam the distribution of the time 
delays is linearly increasing to the center of 
the probe.  In the paper the results of the 
simulation are given.  By varying the 
parameters in the simulation the best setting 
is chosen.  With this an experiment is done 
and the experimental results are compared 
to the simulation results.  Considerations on 
the best probe to form non-diffracting beams 
with phased array are described. 
  
FRIDAY, SESSION 35 
 - 207 - 
9:50 AM 
 
Root Crack Sizing Using Phased Array 
Inspection and Autoregressive Spectral 
Extrapolation Signal Processing 
---Jeff Caldwell, Michael D. Moles, and Tony 
N. Sinclair, University of Toronto, 
Department of Mechanical and Industrial 
Engineering, Toronto, Ontario, Canada; 
Michael D. Moles, Olympus NDT, 48 Woerd 
Avenue, Waltham, MA 02451 
 
---Phased array inspection was conducted 
on a V-butt welded steel sample with 
multiple root flaws of varying depths.  The 
inspection measurements were processed 
using Autoregressive Spectral Extrapolation 
to enhance the phased array signals.  
Phased array inspections were conducted 
using multiple phased array probes of 
varying nominal central frequencies (2.25, 4, 
5 and 10 MHz).  This paper describes the 
measured results, which show high 
accuracy, typically ~+ 0.1 mm.  The results 
concluded that:  (a) There was no statistical 
difference between the calculated flaw 
depths from phased array inspections at 
different flaw tip angles; (b) There was no 
statistical difference in flaw depths 
calculated using phased array data collected 
from either side of the weld; (c) Flaws with 
depths less than the calculated probe signal 
shear wavelength were unable to be sized; 
(d) Finally, there was no statistical difference 
in the calculated flaw depths using phased 
array probes with different sampling 
frequencies and destructive measurements 
of the flaws. 
10:30 AM 
 
Load Difference Phased Array with Local 
Cooling for High-Selectivity Imaging of 
Closed Cracks 
---Yoshikazu Ohara, Satoru Murai, Satoshi 
Horinouchi, Kentaro Jin-nou, Masako 
Ikeuchi, Akihiro Ohuchi, and Kazushi 
Yamanaka, Tohoku University, Department 
of Materials Processing, Sendai, Miyagi, 
Japan 
 
---Crack closure leads to a serious problem 
of underestimation or overlook in the 
ultrasonic inspection. A novel imaging 
method, SPACE (subharmonic phased array 
for crack evaluation) is effective for 
measuring closed-crack depths. However, 
when a short-burst wave is used to achieve 
a high temporal resolution, not only closed 
cracks but also linear scatterers appear in 
the subharmonic image owing to leakage in 
frequency filtering. They are ghosts that 
degrade the selectivity for closed crack in 
the subharmonic image. To enhance the 
selectivity of closed cracks, we have 
developed the LDPA (load difference 
phased array) which uses the subtraction of 
responses at different external loads. We 
demonstrated its fundamental principle in a 
closed fatigue cracks. However, the 
servohydraulic testing machine used for 
applying external loads was impractical 
because of its size.  To realize a practical 
LDPA, we propose a LDPA with local 
cooling. By quickly cooling the top surface of 
the specimen with a cooling spray, only the 
vicinity of the top surface is thermally 
contracted. As a result, a thermal tensile 
stress is applied to the closed crack 
extended from the bottom, and thereby, the 
contact state in the crack varies, resulting in 
an intensity change of responses at cracks. 
In contrast, objects other than cracks are 
independent of the tensile stress. Hence, 
only cracks can be extracted by subtracting 
responses at different thermal stresses . In 
this study, we monitored a closed fatigue 
crack by linear phased array and the 
temperature distribution of the side surface 
by thermography, during cooling the top 
surface of the specimen. As a result, we 
successfully observed the crack opening 
and closing behavior with local cooling and 
enhanced the selectivity of closed crack by 
the LDPA method.  
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10:50 AM 
 
High Temperature Ultrasonic Phased 
Arrays for Operation and Maintenance of 
Liquid Metal Fast Reactors 
---Leonard J. Bond, Marino Morra, Jerry 
Posakony, Jeff Griffin, Mark Jones, Rob 
Harris, David Baldwin, and Matt Edwards, 
Pacific Northwest National Laboratory, 
Richland, WA 99352 
 
---Maintenance of liquid metal fast reactors 
requires the use of high-temperature 
ultrasonic transducers to support operations 
and maintenance, including in-service 
inspection, loose parts detection, and 
configuration imaging.  Staff at the Pacific 
Northwest National Laboratory, in 
collaboration with colleagues at the Argonne 
National Laboratory and the Oari Research 
and Development Center in Japan, are 
pursuing the next generation of robust 
sensing systems for under-sodium service.  
This paper will discuss issues associated 
with the design and operation of robust and 
re-usable linear phased-array ultrasonic 
transducers in the high-temperature 
(250°C), high-radiation and molten-sodium 
environment of liquid metal fast reactors. 
Insights obtained from the development and 
testing of a series of single-element 
transducers will be reported. Discussion 
topics will include the operational 
performance needs for phased arrays 
operating in sodium, criteria for the selection 
of high-Curie-temperature, radiation-
resistant piezoelectric ceramics; the issues 
faced in providing high-temperature 
interface bonding; and front-face alloy 
selection, so as to ensure rapid sodium 
wetting and re-wetting of the transducer 
face, which is needed to provide acoustic 
coupling. Recent ultrasonic data obtained 
with new array transducers will be presented 
and discussed. 
11:10 AM 
 
Heavy Wall Pipe Line Inspection by 
Phased Array Ultrasonic Test (PAUT) and 
Comparison with Conventional NDT 
Methods 
---Afshin Yousefi and Valyallah Badamian, 
Iranian Welding Research and Engineering 
Center; Fereidoon Marefat, Mapna Power 
Generation Co., Iran; Arash Moradi and 
Arash Yousefi, Kavosh Sanat Azar, Iran; 
Seyed Mohsen Zolfaghari and Hossein 
Taheri, Parto Kavosh Shams, Iran; Keyvan 
Afraz Louyeh, Abadgaran Andish, Tehran, 
Iran 
 
---This research paper contains comparative 
results about defect sizing and monitoring by 
three different methods: phased array, 
conventional UT and radiography inspection. 
NDT inspection is playing important role in 
defect detection during and after 
manufacturing industrial structures.  
Common restrictions in RT & UT analysis 
such as accuracy limitations by increasing 
thickness can be overcome by PAUT.  
Phased array has several advantages 
compared to conventional UT and RT, 
especially in thick materials (t > 40 mm).  
Defects in thick materials can’t be observed 
clearly by conventional RT.  In this research, 
pipe lines of “Slag Catcher” section in 
SOUTH-PARS (ASALOUYEH-IRAN) gas 
refinery has been monitored and inspected 
by three methods: PAUT, conventional UT 
and RT.  Radiography didn’t show defects 
obviously and defect sizing accuracy 
decreases in heavy wall pipes by 
conventional UT and that process is very 
time consuming specially in field operation 
conditions, but PAUT detected and 
determined the dimensions of internal 
defects quickly and precisely. 
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11:30 AM 
 
Rail Weld Inspection Using Phased Array 
Ultrasonics 
---Girish N. Namboodiri1, Krishnan 
Balasubramaniam2, T. 
Balasubramanian1, Jerry James2, 
Sriharsha2, 1National Institute of 
Technology, Tiruchirappalli,  2Indian 
Institute of Technology, Madras 
 
---Inspection of rail welds has always been a 
challenge to the Railways. The conventional 
ultrasonic methods which are employed now 
for the detection of defects are not found to 
be good enough for defects that exist in 
different parts of the weld. Phased Array 
Ultrasonics which performs sectorial 
scanning could be used effectively for 
detection of defects in rail welds. The 
analysis of phased array images basically 
concentrates on defects that are volumetric 
in rail. The feasibility studies conducted in 
parts of rail other than welds were 
promising. Defect indications were seen 
very much separately from its surroundings. 
Accurate positioning of the defect is 
possible. Close lying defects can be seen 
separately which assures better resolution. 
Linear normal scans were very much 
suitable to detect cracks of complex 
geometries, as it gives a specific indication 
pattern each time when it is present.  
Artificial defects made in head, web and foot 
of reference rail welds were used for the 
study. The indications got from each of 
these defects were analyzed and found that 
the accurate positioning of the defects was 
possible. Close lying defects were seen 
separately which assures better resolution. 
Linear normal sectorial scans were very 
much suitable to detect cracks of complex 
geometries, as it gives a specific indication 
pattern each time when it is present.
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SESSION 36 
NEW NDE SENSORS 
J. Aldrin, Computational Tools, Chairperson 
Grand Mesa Ballroom B 
 
 
  8:30 AM Ultrasonic Waveguide Transducer for High Temperature Material Testing 
---N. Wang, C. P. An, S. T. Nickerson, N. Gunasekaran, and Z. Shi, Corning Incorporated, 
Corning, NY, 14831 
 
8:50 AM Ferroelectret Transducers for Air-Coupled Ultrasonic Testing of Fiber-Reinforced 
Polymers 
---M. Gaal, J. Döring, J. Bartusch, T. Lange, G. Brekow, and M. Kreutzbruck, BAM 
Federal Institute for Materials Research and Testing; W. Hillger, Ingenieur-Büro Dr. 
Hillger, Berlin, Germany 
 
  9:10 AM A Resonance-Free Nanofilm Airborne Ultrasound Emitter 
---M. Daschewski, J. Prager, and M. Kreutzbruck, Federal Institut for Materials Research 
and Testing, Department of Acoustical and Electromagnetic Methods, Unter den Eichen 
87, 12205 Berlin, Germany 
 
  9:30 AM Monitoring Pitting Corrosion in High Temperature Environments 
---A. Jarvis and F. Cegla, Imperial College, Mechanical Engineering, London, United 
Kingdom 
  
  9:50 AM An Interdigital Capacitive Sensor for Quantitative Characterization of Wire 
Insulation 
---R. T. Sheldon and N. Bowler, Iowa State University, Center for NDE, 1915 Scholl 
Road, Ames, IA 50011 
 
10:10 AM Break 
 
10:30 AM GMR Sensing Array Technique Validation Study for the Inspection of Multi-layer 
Metallic Structures 
---G. Steffes, Air Force Research Laboratory (AFRL/RXLP), Wright-Patterson AFB, OH 
45433; D. T. Motes, D. S. Forsyth, and M. D. Keiser, TRI/Austin, Inc., NDE Division, 
Austin, TX, 78733; J. C. Aldrin, Computational Tools, Inc, Gurnee, IL, 60031 
 
10:50 AM Evaluation of an Electric Field Sensor for Nondestructive Material Inspection 
---K. K. Kalyanasundaram and K. A. Arunachalam, Indian Institute of Technology 
Madras, Department of Engineering Design, Chennai,Tamil Nadu, India 
  
11:10 AM Pressure Effects on the Temperature Sensitivity of Fiber Bragg Gratings 
---M.-C. Wu, NASA Langley Research Center, 3B East Taylor Street, MS 231, Hampton,  
VA 23681-2199 
 
11:30 AM Adjourn 
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8:30 AM 
 
Ultrasonic Waveguide Transducer for 
High Temperature Material Testing 
---Ningyu Wang, Chong P. An, Seth T. 
Nickerson, Natarajan Gunasekaran, and 
Zhiqiang Shi, Corning Incorporated, 
Corning, NY, 14831 
 
---This paper describes the development of 
a practical ultrasonic waveguide transducer 
design for in-situ material property 
characterization at high temperatures 
(>1200°C) and under fast thermal cycles 
(>1000°C/min).  Diesel particulate filter 
undergoes high temperatures (>1200°C) 
and fast thermal cycles (>1000°C/min) 
during the soot regeneration.  A contact 
ultrasonic waveguide transducer was 
developed for in situ characterization of filter 
material mechanical properties during the 
soot regeneration.  The waveguide allows 
the use of conventional transducer (max 
temp. 60°C) at one end and guides 
ultrasonic waves into the high temperature 
region where the characterization is carried 
out.  This method allows a study of the 
impact of time, temperature, and 
heating/cooling rates on the filter material 
behavior.  Performance and reliability of 
designed transducer assembly is also 
demonstrated via testing results. 
8:50 AM 
 
Ferroelectret Transducers for Air-
Coupled Ultrasonic Testing of Fiber-
Reinforced Polymers 
---Mate Gaal, Joachim Döring, Jürgen 
Bartusch, Thorid Lange, Gerhard Brekow, 
and Marc Kreutzbruck, BAM Federal 
Institute for Materials Research and Testing; 
Wolfgang Hillger of Ingenieur-Büro Dr. 
Hillger, Berlin, Germany 
 
---An important issue in the production of air-
coupled ultrasonic transducers is the 
acoustic impedance matching between the 
transducer and the air.  Typically, 
impedance matching is achieved by 
introducing matching layers, whose 
thickness heavily influences the 
transmission, making reproducible 
production very difficult.  A promising 
alternative is the use of ferroelectrets, 
especially polarized cellular polypropylene.  
Due to charging, it exhibits piezoelectric and 
ferroelectric properties.  Its small sound 
velocity (80 m/s) and density (300 kg/m3) 
result in very low acoustic impedance, 
making matching layers redundant.  
Ferroelectret transducers for air-coupled 
ultrasonic testing, including their electronic 
interface, were developed and compared 
with conventional air-coupled probes.  The 
signal-to-noise ratio was evaluated.  Two 
test blocks, (i) a sandwich-structured 
composite with a honeycomb core between 
plates of carbon-fiber-reinforced polymer 
(CFRP) containing an impact and (ii) a 
CFRP plate with an impact and flat-bottom 
holes, were inspected in transmission.  The 
ferroelectret transducers achieved a SNR up 
to 16dB higher than the conventional 
probes.  The impacts were clearly visible 
with all probes, but less noisy with 
ferroelectret transducers.  The flat-bottom 
holes are equally well or better reproduced 
than with conventional probes.  
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9:10 AM 
 
A Resonance-Free Nanofilm Airborne 
Ultrasound Emitter 
---Maxim Daschewski, Jens Prager, and 
Mark Kreutzbruck, Federal Institut for 
Materials Research and Testing, 
Department of Acoustical and 
Electromagnetic Methods, Unter den Eichen 
87, 12205 Berlin, Germany 
 
---In recent years the demand for airborne 
ultrasound techniques for non-destructive 
materials testing has increased remarkably. 
The applications for non-contact airborne 
ultrasound techniques are very broad and 
range from detection of flaws in composite 
laminates, solar cells and printed circuit 
boards to the applications in medicine and 
food industry. Conventional piezoelectric 
ultrasound transducers are mostly narrow-
banded, show large resonance oscillations 
after a short excitation and therefore are 
generally not suitable for pulse-echo 
applications.  In this contribution we present 
a novel thermoacoustic approach for the 
generation of broad band airborne 
ultrasound and investigate the applicability 
of resonance-free thermoacoustic emitters 
for very short high pressure airborne 
ultrasound pulses.  We report on 
measurements of thermoacoustic emitters 
consisting of metal film below 50 nm 
thickness, generating sound pressure values 
of more than 140 dB in 60 mm distance and 
compare the results with piezoelectric 
airborne ultrasound transducers.  Our 
experimental investigations show that such 
thermoacoustic devices can be used as a 
broad band emitters using pulse excitation. 
9:30 AM 
 
Monitoring Pitting Corrosion in High 
Temperature Environments 
---Andrew Jarvis and Frederic Cegla, 
Imperial College, Mechanical Engineering, 
London, United Kingdom 
 
---Exposure to corrosive substances in high 
temperature environments can cause 
damage accumulation in structural steels, 
particularly in the chemical and 
petrochemical industries. The interaction 
mechanisms are complex and varied; 
however initial damage propagation often 
manifests itself in the form of localized areas 
of increased material loss. Detecting the 
initial signs of this pitting type corrosion 
within ultrasonic pulses reflected from the 
corroding surface would provide an early 
warning of operating conditions which are 
susceptible to high corrosion rates. This 
paper aims to demonstrate the feasibility of 
detecting very small localized corrosion 
features (l>λ/4) by means of monitoring 
small changes in reflected pulse shape. An 
ultrasonic wall thickness monitoring sensor 
capable of withstanding temperatures in 
excess of 600°C was used to acquire 
signals while a micromachining laser 
created small hemispherical pits (r=100µm) 
at the reflecting interface to simulate the 
progression of pitting type corrosion.  The 
results from the experimental and simulated 
studies give an indication of the monitoring 
sensitivity that could be expected and the 
minimum detectable defect size. 
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9:50 AM 
 
An Interdigital Capacitive Sensor for 
Quantitative Characterization of Wire 
Insulation 
---Robert T. Sheldon and Nicola Bowler, 
Iowa State University, Center for NDE, 
Ames, IA 50011 
 
---A capacitive sensing method has been 
developed to determine the electrical 
permittivity of aircraft wire insulation.  The 
sensor consists of interdigitated electrodes 
that provide high signal-to-noise ratio, 
deposited on a thin substrate that conforms 
to the surface of the insulated wire.  The 
wire and sensor have been modeled 
theoretically by assuming a perfectly 
conducting cylindrical rod coated with two 
concentric dielectric layers and constant 
potential V between the electrodes.  The 
Method of Moments and Green’s function 
solution to the cylindrical Poisson equation 
are utilized to determine the electrode 
charge distribution and total charge Q, from 
which the capacitance may then be 
calculated from the relation C = Q/V.  To 
validate the model, laboratory benchmark 
experiments were performed at a large 
scale, with well-controlled uncertainties, on a 
set of three brass rods insulated with acetal 
copolymer, PTFE and acrylic. Each rod was 
tested with two electrode widths and  two 
electrode lengths.  The permittivity of each 
insulator was measured independently and 
the value input to the model.  The mean 
difference between theoretical and 
experimental capacitance was found to be 
approximately 4%.  Studies on the 
penetration depth were also performed to 
optimize the efficiency of field penetration 
into the full insulation layer. 
10:30 AM 
 
GMR Sensing Array Technique Validation 
Study for the Inspection of Multi-layer 
Metallic Structures 
---Gary Steffes, Air Force Research 
Laboratory (AFRL/RXLP), Wright-Patterson 
AFB, OH 45433; Doyle T. Motes, David S. 
Forsyth, and Mark D. Keiser, TRI/Austin, 
Inc., NDE Division, Austin, TX, 78733; John 
C. Aldrin, Computational Tools, Inc, 
Gurnee, IL, 60031 
 
---In recent years, eddy current sensor 
designs incorporating Giant 
Magnetoresistive (GMR) linear sensing 
arrays have been developed to detect 
fatigue cracks in thick, multi-layered metallic 
aircraft structures. The successful 
deployment of such techniques would 
significantly reduce aircraft depot inspection 
times by offering advancement over present 
man-hour intensive NDI methods, 
minimizing unnecessary component 
disassembly, repair, and/or airframe 
retirement. Some research has been 
conducted using GMR arrays with small 
scale experiments containing EDM notched 
specimens, but a larger scale validation 
study has not been attempted up to date. As 
part of the GMR sensor validation program 
being conducted by the U.S. Air Force 
Research Laboratory, several large sets of 
configurable fatigue crack specimens was 
fabricated in different thicknesses to provide 
a wide range of inspection targets for a 
candidate sensor. These specimens were 
mounted on a large assembly frame to 
simulate an aircraft wing structure and 
inspected using a GMR sensor deployed on 
the Boeing Mobile Automated Scanner 
(MAUS). Probability of Detection (POD) data 
from the inspections and capability studies, 
such as maximum detection depth, 
maximum angle of attack for detection with 
respect to crack direction, and the effect of 
fastener type/material on sensor response 
are presented. Additionally, studies were 
performed to better understand the effect of 
magnetized fasteners on crack detection 
performance.  
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10:50 AM 
 
Evaluation of an Electric Field Sensor for 
Nondestructive Material Inspection 
---Kayatri K. Kalyanasundaram and 
Kavitha A. Arunachalam, Indian Institute of 
Technology Madras, Department of 
Engineering Design, Chennai,Tamil 
Nadu,India 
 
---An electric field sensor is fabricated on a 
125 micron thick flexible dielectric substrate 
for Electromagnetic (EM) nondestructive 
material inspection over 100 MHz to 1GHz.  
The sensor consists of an electrically short 
dipole antenna and a radio frequency (RF) 
diode detector connected to a pair of high 
impedance screen printed carbon lines.  The 
DC component of the rectified diode voltage 
conveyed across the high impedance lines 
is measured using a data acquisition circuit.  
The sensor response is characterized using 
a microstrip patch antenna operating at 915 
MHz for varying dimensions of the dipole 
antenna.  An experimental setup is built to 
evaluate sensor performance in detecting 
material loss in a low loss dielectric slab.  
Preliminary results indicate sensor utility for 
EM nondestructive material testing and 
support for further testing on varying size 
material anomalies. 
11:10 AM 
 
Pressure Effects on the Temperature 
Sensitivity of Fiber Bragg Gratings 
---Meng-Chou Wu, NASA Langley 
Research Center, 3B East Taylor Street, MS 
231, Hampton, VA 23681-2199 
 
---A 3-Dimensional physical model was 
developed to relate the wavelength shifts 
resulting from temperature changes of fiber 
Bragg gratings (FBGs) to the thermal 
expansion coefficients, Young’s moduli of 
optical fibers, and thicknesses of coating 
polymers.  Using this model the Bragg 
wavelength shifts were calculated and 
compared with the measured wavelength 
shifts of FBGs with various coating thickness 
for a finite temperature range. There was a 
discrepancy between the calculated and 
measured wavelength shifts. This was 
attributed to the pressure effects on the 
thermo-optic coefficient of optical fibers. To 
verify this assumption a small diametric load 
was further applied to a FBG and Bragg 
wavelength shifts were measured over a 
temperature range of 4.2 to 300K. 
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TECHNIQUES AND APPLICATIONS 
D. Barnard, Iowa State University, Chairperson 
Grand Mesa Ballroom C 
 
 
  8:30 AM Detecting Corrosion Under Insulation (CUI) Using a Capacitive Imaging Technique: 
Preliminary Modelling and Experiments 
---X. Yin, G. Chen, and W. Li, China University of Petroleum, Centre for Offshore 
Engineering and Safety Technology, Qingdao, Shandong, People’s Republic of China, 
266580; D. A Hutchins, University of Warwick, School of Engineering, Coventry CV4 7AL, 
United Kingdom 
 
  8:50 AM Inspection of Helicopter Rotor Blades with the Help of Guided Lamb Waves and 
“Turning Modes”: Experimental and Finite Element Analysis 
---S. K. Chakrapani1, 2, D. Barnard2, and V. Dayal1, 2; 1Department of Aerospace 
Engineering, Iowa State University, Ames Iowa 50011;  2Center for NDE, Iowa State 
University, 1915 Scholl Road, Ames, IA 50011 
 
  9:10 AM Quantitative Non-Destructive Testing of Surface Fatigue Cracks Based on the SAW 
---S. Zhou, Y. Zhao, C. Xu, D. Xiao, and Z. Zhou, Beijing Institute of Technology, School 
of Mechanical and Vehicle, Beijing, China 
 
  9:30 AM Guided Wave Propagation Study in an ACSR Cable with Artificial Damage 
 ---R. Mijarez1 and A. Baltazar2, 1Instituto de Investigaciones Eléctricas, Gerencia de 
Control e Instrumentación, Calle Reforma 113, Col. Palmira, C.P. 62490, Cuernavaca, 
Morelos, Mexico; 2Centro de Investigación y Estudios Avanzados del IPN, Unidad Saltillo 
Carretera Saltillo-Monterrey Km 13.5, C.P. 25900 Ramos Arizpe, Coahuila, México 
  
  9:50 AM Measurement of Material Properties of Case Hardened Steel Using Alternating 
Current Potential Drop 
---J. R. Bowler and Y. Ji, Iowa State University, Center for NDE, 1915 Scholl Road, 
Ames,  
IA  50011 
 
10:10 AM Break 
 
10:30 AM Electromagnetic Characterization of Metallic Sensory Alloy 
---B. Wincheski, T. Wallace, and A. Newman, NASA Langley Research Center, Research 
and Technology Directorate, Hampton, VA 23681; J. Simpson, Lockheed Martin, 
Hampton, VA;  
P. Leser, North Carolina State University, Raleigh, NC 27607 
 
10:50 AM Graphics Processing Unit (GPU)-Based Computation of Heat Conduction in 
Thermally Anisotropic Solids 
---N. C. A., P. Rajagopal, and K. Balasubramaniam, Center for Nondestructive 
Evaluation, Indian Institute of Technology - Madras, Chennai, Tamil Nadu, India 
 
11:10 AM Evaluation of an Autonomous System for Detection and Positioning of Small Pore 
Defects Using Digital Radiography 
---E. Lindgren and L. Hammar, Chalmers University of Technology,Department of 
Materials and Manufacturing Technology, Gothenburg, Sweden 
  
11:30 PM Adjourn 
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8:30 AM 
 
Detecting Corrosion Under Insulation 
(CUI) Using a Capacitive Imaging 
Technique: Preliminary Modelling and 
Experiments 
---Xiaokang Yin, Guoming Chen, and Wei 
Li, China University of Petroleum, Centre for 
Offshore Engineering and Safety 
Technology, Qingdao, Shandong, People’s 
Republic of China, 266580; David A 
Hutchins, University of Warwick, School of 
Engineering, Coventry CV4 7AL, United 
Kingdom 
 
---This paper describes the application of the 
capacitive imaging technique to the 
detection of surface features on conducting 
specimens through a significant air gap 
and/or insulation layer.  A two-dimensional 
finite-element method was employed to 
model the electric field distribution from the 
capacitive imaging probe, and how it 
interacts with conducting specimens.  
Experiments using prototype capacitive 
imaging probes were carried out.  The 
effects of electrical conditions of the 
conducting specimen, lift-off distances and 
thicknesses of insulation between the CI 
probe and the conducting specimen were 
studied.  The proof-of-concept results 
indicated that the capacitive imaging 
technique could be used to detect corrosion 
under insulation (CUI).  
8:50 AM 
 
Inspection of Helicopter Rotor Blades 
with the Help of Guided Lamb Waves and 
“Turning Modes”: Experimental and 
Finite Element Analysis 
---Sunil Kishore Chakrapani1, 2, Daniel 
Barnard2, and Vinay Dayal1, 2; 1Department 
of Aerospace Engineering, Iowa State 
University, Ames, IA 50011;  2Center for 
NDE, Iowa State University, 1915 Scholl 
Road, Ames Iowa 50011 
 
---This paper presents an application for 
“Turning modes” in a complex composite 
laminate structure. When the fundamental 
anti-symmetric guided Lamb mode (A0) 
interacts with structural discontinuities, a 
mode conversion occurs such as in the case 
of a T-joint, a turning mode has been 
observed. This study uses the fundamental 
symmetric (S0) and turning modes to inspect 
leading and trailing edge spar sections of a 
helicopter rotor blade. The guided Lamb 
modes were generated using air coupled 
ultrasonic transducers. The effect of 
discontinuities and T-sections was modeled 
with the help of finite element analysis. This 
work presents the strong correlation found 
between the numerical and experimental 
results.  
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9:10 AM 
 
Quantitative Non-Destructive Testing of 
Surface Fatigue Cracks Based on the 
SAW 
---Shiyuan Zhou, Yao Zhao, Chunguang 
Xu, Dingguo Xiao, and Zhonghua Zhou, 
Beijing Institute of Technology, School of 
Mechanical and Vehicle, Beijing, China 
 
---The rotors of a number of critical devices 
often appear fatigue cracks, as a result of 
long-term work in high temperature, high 
pressure and high speed environment.  It is 
difficult to detect some of these fatigue 
cracks, because of the complex shape of the 
rotors.  In order to solve this problem, the 
surface acoustic wave is transmitted from 
one edge of a right angle with arc chamfer, 
for detecting the fatigue cracks on the other 
edge of the right angle.  The detection 
sensitivity and characteristic value of the 
signal for the depth of the cracks are 
studied.
9:30 AM 
 
Guided Wave Propagation Study in an 
ACSR Cable with Artificial Damage 
---R. Mijarez1 and A. Baltazar2, 
1Instituto de Investigaciones Eléctricas, 
Gerencia de Control e Instrumentación, 
Calle Reforma 113, Col. Palmira, C.P. 
62490, Cuernavaca, Morelos, Mexico; 
2Centro de Investigación y Estudios 
Avanzados del IPN, Unidad Saltillo 
Carretera Saltillo-Monterrey Km 13.5, 
C.P. 25900 Ramos Arizpe, Coahuila, 
México 
 
---Aluminium Conductor Steel Reinforced 
(ACSR) cables are multiple metal strands 
that comprise overhead transmission lines. 
These cables are exposed to environmental 
degradation that could lead to expensive 
breakdowns. In this study, the propagation 
of guided waves in a 0.9 m ACSR was 
experimentally investigated. Two 
longitudinal piezoelectric transducers, 
attached to the ends of the ACSR cable 
using a liquid coupling medium in a pitch 
and catch configuration, were employed for 
analyzing guided wave propagation. 
Longitudinal L(0,1) and flexural F(1,1) 
modes were identified at 500 kHz using 
dispersion curves and the wavelet 
transform. In order to reflect the mechanism 
of flexural wave motion originated from 
longitudinal excitation, a 3-D FEM analysis 
was performed using a simplified model 
comprised of two rods, made of aluminium 
and steel, which are in contact. In this 
model, due to inter-wire coupling, energy 
leakage caused by radial displacements is 
considered to have an important role in 
guided waves propagation. Artificial damage 
was made at 0.45m from the emitter 
transducer; cut depth in the cable was 
gradually increased from 1mm to 9mm. The 
amplitude of the received L(0,1) signals 
increased with the increase of the cut depth; 
conversely, the F(1,1) modes decreased 
suggesting a mode conversion from F(1,1) 
to L(0,1) modes due to loosed friction 
contact among individual wires corroborating 
the results yielded by the FEM analysis. 
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9:50 AM 
 
Measurement of Material Properties of 
Case Hardened Steel Using Alternating 
Current Potential Drop 
---J. R. Bowler and Y. Ji, Iowa State 
University, Center for NDE, 1915 Scholl 
Road, Ames, IA 50011 
 
---Multi-frequency measurements of 
alternating current potential drop using four 
point probes can be used to estimate 
variations of the near surface material 
properties of steel with depth. The potential 
drop (PD) between spring loaded pick-up 
pins is in-phase with the current at low 
frequency and depends on the conductivity 
of the material but as the frequency is 
increased and the skin depth decreases, the 
pick-up potential lags the injected current 
while the magnitude increases due to the 
concentration of current near the surface.  
The variation in the amplitude and phase of 
the signal may be used to probe the 
variation in material properties with depth. In 
case hardened steels, the hardness varies 
with depth and although it is not measured 
directly, it correlates with changes of electric 
conductivity and permeability which 
determine the measured signal. By fitting the 
PD as a function of frequency to a model 
that includes the material variation with 
depth, one can get an estimate of the case 
depth. 
10:30 AM 
 
Electromagnetic Characterization of 
Metallic Sensory Alloy 
---Buzz Wincheski, Terryl Wallace, and 
Andy Newman, NASA Langley Research 
Center, Research and Technology 
Directorate, Hampton, VA 23681; John 
Simpson, Lockheed Martin, Hampton, VA; 
Paul Leser, North Carolina State University, 
Raleigh, NC 27607 
 
---Recent work at NASA Langley Research 
Center has investigated the potential of a 
new multifunctional structural metallic 
material containing second phase sensory 
particles.  Ferromagnetic shape-memory 
alloy (FSMA) particles embedded in an 
aluminum matrix undergo changes in both 
electromagnetic properties and 
crystallographic structure when strained.  
The crystallographic changes result in high 
energy acoustic emissions, while the 
electromagnetic changes can lead to 
enhanced detection and localization of high 
strain areas associated with the plastic 
deformation leading a crack front.  In this 
work, a new electromagnetic probe 
consisting of a two-channel magneto-
resistive sensor with an embedded single 
strand eddy current inducer is used to probe 
the electromagnetic properties of individual 
sensory particles during controlled fatigue 
tests on the multifunctional material.  The 
probe is used in both high frequency eddy 
current and DC flux leakage applications to 
characterize the changes in the permeability 
and conductivity of the sensory particles due 
to the strain field of an approaching fatigue 
crack.  Numerical modeling of the probe 
response is performed with good agreement 
to experimental results.  
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10:50 AM 
 
Graphics Processing Unit (GPU)-Based 
Computation of Heat Conduction in 
Thermally Anisotropic Solids 
---Nahas C. A., Prabhu Rajagopal, and 
Krishnan Balasubramaniam, Center for 
Nondestructive Evaluation, Indian Institute of 
Technology - Madras, Chennai, Tamil Nadu, 
India 
 
---A number of applications in thermal NDE 
of practical industrial structures today 
require a thorough understanding of heat 
conduction in complex and often anisotropic 
materials and numerical modeling 
techniques have emerged attractive for this 
purpose. However numerical modeling of 
anisotropic media is computationally 
intensive due to complexities in the field 
problem, and may often require parallel 
processing routines to improve efficiencies 
and speeds. Advancements in gaming 
technology have rendered parallel 
processors affordable today thanks to 
graphical processing devices that are also 
very good in handling floating point 
arithmetic. The wider availability of 
affordable Graphics Processing Units (GPU) 
provides engineers and scientists a new 
platform to accelerate their numerical 
models using commodity hardware.  In this 
paper we implement a parallel finite 
difference time domain (FDTD) model of 
heat conduction through anisotropic media 
using NVIDIA compute unified device 
Architecture (CUDA). NVIDIA GeForce GTX 
560 Ti with 384 CUDA cores clocked at 
1645 MHz is the primary computing device 
with a standard desktop PC as the host 
platform. We model example problems 
consisting of heat conduction in two- and 
three-dimensional anisotropic domains using 
the developed GPU-based parallel FDTD 
implementations. These results are 
compared with those from serial and parallel 
standard CPU-based FDTD 
implementations on a desktop PC for 
accuracy and speed and speed of 
computation. We show that in general the 
GPU device offers a much faster speed of 
computation against serial and parallel CPU 
implementations and this improves as the 
grid size increases. However the accuracies 
offered by GPU devices depend strongly on 
the underlying architecture used.
11:10 AM 
 
Evaluation of an Autonomous System for 
Detection and Positioning of Small Pore 
Defects Using Digital Radiography 
---Erik Lindgren and Lars Hammar, 
Chalmers University of Technology, 
Department of Materials and Manufacturing 
Technology, Gothenburg, Sweden 
 
---A recently derived algorithm chain for the 
detection, positioning and sizing of sub-
millimeter sized pore defects in thin laser 
welds using radiographic inspection is 
evaluated.  Laser welded thin titanium plates 
are common structures within the aero 
industry, however the formation of chains of 
sub-millimeter sized pores at the welding 
phase is sometimes observed. With pore 
sizes at less than 0.4 millimeter each single 
pore generally don’t affect the structural 
integrity but as a collection and depending 
on their position inside the weld they might. 
If the collection and distances could be 
quantified less uncertain structural integrity 
predictions would be possible.  Small pore 
defects are indicated with low contrast in 
radiographs and at industrially feasible 
exposure times they are often comparable to 
the noise levels. Using a limited number of 
radiographic projections at different rotation 
angles the pore defect projections will travel 
along a predictable path on the detector. 
Together with a simplified x-ray projection 
model the path of each pore can also be 
used to retrieve its 3-D coordinates with 
respect to the weld. The most probable 
pores are selected using a tracker. The 
algorithm chain and its procedure is 
experimentally validated using test blocks 
similar to real chain porosities. 
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LASER ULTRASONICS 
J.-P. Monchalin, National Research Council of Canada, Chairperson 
Grand Mesa Ballroom A 
 
 
8:30 AM Optical Generation and Detection of Ultrasound Using an Apertureless Near-field 
Scanning Optical Microscopy System 
---P. Ahn, Z. Zhen, C. Sun, and O. Balogun, Northwestern University, Mechanical 
Engineering Department, Evanston, IL 60208 
 
8:50 AM Detection of Open and Partially Closed Surface Defects in Plates Using Ultrasonic 
Enhancement 
---A. R. Clough, F. Hernandez-Valle, and R. S. Edwards, University of Warwick, 
Department of Physics, Coventry, West Midlands, United Kingdom 
   
  9:10 AM Measurement of Surface Crack Depth in Concrete Using Laser-Ultrasonic 
Technique with Multichannel Detector 
---S. Kurahashi and T. Norimatsu, Osaka University, Institute of Laser Engineering, Suita, 
Osaka, Japan; Y. Shimada and O. Kotyaev, Institute for Laser Technology, Suita, Osaka, 
Japan; Y. Kono and S. Nakata, Kansai Electric Power Co., Inc., Amagasaki, Hyogo, 
Japan; M. Ishii, General Environmental Technos Co., Inc., Amagasaki, Hyogo, Japan 
 
9:30 AM Laser Generation and Detection for Surface Waves Interactions with Different 
Defect Geometries 
---F. Hernández-Valle, R. S. Edwards, A. R. Clough, M. H. Rosli, and B. Dutton, 
University of Warwick, Department of Physics, Coventry, West Midlands, United Kingdom 
 
  9:50 AM Investigation of Interactions of Lamb Waves with Welds Joining Thin Structures 
---L. Yang and I. C. Ume, Georgia Institute of Technology, G. W. Woodruff School of 
Mechanical Engineering, Atlanta, GA 30332 
 
10:10 AM Break 
 
10:30 AM Online Measurements of Sound Velocities and Their Relations to Mechanical 
Strength  
---M. Falkenström and M. Engman, Swerea KIMAB, Box 7047, 164 07 Kista, Sweden 
 
10:50 AM Developments in Signal Processing and Interpretation in Laser Tapping 
---M. Perton, C. Neron, A. Blouin, and J.-P. Monchalin, National Research Council 
Canada, Energy, Mining and Environment Portfolio, Boucherville, QC, Canada 
 
11:10 AM Integrated Laser Ultrasonics System for High Temperature Material Property 
Testing of Ceramic Substrates and Diesel Filters 
---N. Yang, C. P. An, S. T. Nickerson, N. Gunasekaran, and Z. Shi, Corning Incorporated, 
Advanced Engineering, MTE, Corning, NY 14870 
 
11:30 AM Interaction of High Amplitude Laser Generated Surface Acoustic Waves with a Thin 
Film Interface 
---B. Sherman1 and O. Balogun2, 1,2Northwestern University, Evanston, IL 60208; 1Civil 
and Environmental Engineering Department; 2Mechanical Engineering Department 
 
11:50 AM Laser Shockwave Technique for Characterization of Nuclear Fuel Plate Interfaces 
---J. A. Smith and B. H. Rabin, Idaho National Laboratory, Fundamental Fuel Properties, 
Idaho Falls, ID 83415-6188; M. Perton, D. Lévesque, J.-P. Monchalin, and M. Lord, 
National Research Council Canada, Boucherville, Canada 
 
12:10 PM Adjourn 
 
FRIDAY, SESSION 38 
 -221- 
8:30 AM 
 
Optical Generation and Detection of 
Ultrasound Using an Apertureless Near-
field Scanning Optical Microscopy 
System 
---P. Ahn, Z. Zhen, C. Sun, and O. Balogun, 
Northwestern University, Mechanical 
Engineering Department, Evanston, IL 
60208 
 
---Photoacoustics techniques are power 
approaches for non-contact generation and 
detection of high frequency ultrasound. In 
these techniques, optical diffraction limits 
the spatial information that can be accessed 
from a measurement.  In order to improve 
the spatial resolution of photoacoustic 
techniques, we incorporate an apertureless 
near-field scanning optical microscope 
(NSOM) into a pulsed laser based 
photoacoustic setup.  We enhance the weak 
optical near-field signal by coupling light to 
surface Plasmon polaritons excited by 
farfield illumination of the NSOM tip shaft. 
Two experimental configurations are 
explored. First, the NSOM is used as a 
nanoscale probe for pulsed laser generated 
ultrasound in a polymer/glass specimen. 
This configuration is used to image buried 
opto-acoustic sources in the polymer/glass 
sample.  The second configuration consists 
of a two-color collocated source-receiver 
geometry in which the NSOM probe is 
explored both as a localized source for 
photoacoustic generation and an ultrasound 
probe.  The probe shaft is illuminated by a 
1ns pulsed laser source at 1064nm leading 
to strong heating of the probe apex, heat 
transfer to sample surface by heat 
conduction, followed by the thermoelastic 
generation of ultrasound.  Experimental 
results demonstrating NSOM tip enhanced 
heating are presented, and the results are 
interpreted using a theoretical model.  
8:50 AM 
 
Detection of Open and Partially Closed 
Surface Defects in Plates Using 
Ultrasonic Enhancement 
---Andrew R. Clough, Francisco 
Hernandez-Valle, and Rachel S. Edwards, 
University of Warwick, Department of 
Physics, Coventry, West Midlands, United 
Kingdom 
 
---Enhancement of the frequency content of 
multimodal Lamb waves incident on surface 
breaking defects has been investigated for 
different thickness plates with machined 
defects of varying depth, for use in defect 
detection and characterization. A fully optical 
method, using laser ultrasonics, is used to 
study the enhancement as a function of 
defect depth when passing the detection 
(SLD) or generation (SLS) laser over the 
defect.  Time Frequency Representations 
(TFRs) are used to identify the wave modes 
at each detection point, and the frequency 
intensity of various wave modes was 
tracked, with an increase in intensity 
observed at the defect. SLD enhancement 
can be explained by a superposition of 
incident waves with those reflected and 
mode converted from the defect. SLS 
enhancement can be explained by several 
mechanisms; including truncation of the 
source, changes in geometry and the 
change in generation boundary conditions at 
the defect.  The TFR analysis was also 
applied to samples containing partially 
closed defects caused by stress corrosion 
cracking, for both SLD and SLS. SLD 
analysis was shown to be incapable of 
detecting the defects; however, SLS 
analysis showed large enhancements over 
the defect site, illustrating the effectiveness 
of this method for detection of partially 
closed cracks. 
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9:10 AM 
 
Measurement of Surface Crack Depth in 
Concrete Using Laser-Ultrasonic 
Technique with Multichannel Detector 
---S. Kurahashi and T. Norimatsu, Osaka 
University, Institute of Laser Engineering, 
Suita, Osaka, Japan; Y. Shimada and O. 
Kotyaev, Institute for Laser Technology, 
Suita, Osaka, Japan; Y. Kono and S. 
Nakata, Kansai Electric Power Co., Inc., 
Amagasaki, Hyogo, Japan; M. Ishii, General 
Environmental Technos Co., Inc., 
Amagasaki, Hyogo, Japan 
 
---We have been carried out to develop 
remote and non-contact technique using 
laser ultrasound in concrete for safe and 
precision survey technologies against 
deterioration of the concrete structures in 
the field.  In this paper, we focus on 
measurements of artificial surface-crack 
depth.  Usually, it is difficult to apply laser-
ultrasonic technique to investigate concrete 
structures because of its surface roughness.  
Therefore, we adapted laser interferometer 
technique with photorefractive phenomena 
to compensate the surface roughness.  
Furthermore, we attempted to use 
multichannel detection system to increase 
signal-to-noise-ratio (S/N ratio).  Ultrasound 
generated in concrete was induced by 
double pulsed CO2 lasers operating at 
wavelength of 10.6 micrometer.  It 
propagated beyond the surface crack and is 
detected by laser photorefractive 
interferometer using a CW Nd:YVO laser 
radiation of 532 nm wavelength.  The 
multichannel detection system worked as a 
noise suppressor.  S/N  ratio increased 
about twice as high as detection with single 
channel.  By analyzing the measured signal 
waveform, we could found a significant 
relationship between the detection time of 
the ultrasound and the surface crack depth.  
It is concluded that depth of surface crack 
could be determined by using the based on 
significant relationship. 
9:30 AM 
 
Laser Generation and Detection for 
Surface Waves Interactions with Different 
Defect Geometries 
---Francisco Hernández-Valle, Rachel S. 
Edwards, Andrew R. Clough, Mohd H. Rosli, 
and Benjamin Dutton, University of Warwick, 
Department of Physics, Coventry, West 
Midlands, United Kingdom 
 
---The enhancement of surface waves in the 
near-field of a defect has been reported by 
several authors.  It has been demonstrated 
that the interaction between the incident 
Rayleigh wave with the reflected Rayleigh 
wave, plus the mode-converted surface 
skimming longitudinal wave, explains the 
significant increase in signal amplitude that 
is encountered as a detection point 
approaches a smooth machined defect 
inclined normal to the surface.  However, 
this is not a typical defect geometry.  For 
example, rolling contact fatigue in rails 
grows at an angle to the surface, and stress 
corrosion cracking grows as branched 
defects.  We present results of experimental 
measurements on machined slots with 
varied geometries, including defects which 
are normal or inclined to the surface, and 
show the effect of branched defect 
geometries on the wave propagation and 
signal enhancement.  We use laser 
generation and detection, and compare 
results with finite element method (FEM) 
models.  We also investigate frequency 
enhancements for angled and branched 
defects, to highlight further potential 
measurement techniques when using 
scanning laser detection. 
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9:50 AM 
 
Investigation of Interactions of Lamb 
Waves with Welds Joining Thin 
Structures 
---Lei Yang and I. Charles Ume, Georgia 
Institute of Technology, G. W. Woodruff 
School of Mechanical Engineering, Atlanta, 
GA 30332 
 
---Laser generation/EMAT reception 
ultrasonic inspection technique shows great 
promise in weld detection and evaluation 
because of its non-destructive and non-
contact characteristics.  Different from 
traditional UT method using piezoelectric 
transducers, laser-generated ultrasounds 
are broadband in nature.  Lamb waves are 
dominant ultrasonic waves propagating in 
relatively thin metal pieces.  Both features 
make the interaction between laser-
generated ultrasonic waves and welds 
joining thin metal pieces extremely 
complicated.  This paper used a simplified 
analytical model to study the scattering of 
ultrasonic waves around a joint between two 
metal pieces.  Reflections, transmissions 
and mode conversions are investigated and 
calculated analytically.  The analytical 
results were validated using FEM models.  
This work provided insight into the 
interactions between lamb waves and welds 
and verifies the utilization of reflection 
coefficients or transmission coefficients as 
predictors to evaluate the weld penetration 
depths.  The analytically solved mode 
conversion coefficients also help to improve 
the accuracy of experimentally measured 
reflection coefficients, which makes the 
prediction more accurate.  
10:30 AM 
 
Online Measurements of Sound 
Velocities and Their Relations to 
Mechanical Strength  
---Magnus Falkenström and Martin 
Engman, Swerea KIMAB, Box 7047, 164 07 
Kista, Sweden 
 
---Laser ultrasonics gives the unique 
capability to conduct non-contact 
measurements on-line in the process 
industry. In this study we mainly concentrate 
on material properties in steel sheets.  To 
derive precise measurements of sound 
velocity in sheet materials independent 
methods to derive sheet thickness i 
necessary.  With our current methods we 
can determine sound velocity with a 
precision of +/- 5 m/s (or 0.1 %). This is 
enough to monitor changes in for example 
hardness and mechanical strength for 
similar complex phase steels.  In this 
presentation we will discuss these issues 
together with examples from laboratory and 
on-line trials. 
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10:50 AM 
 
Developments in Signal Processing and 
Interpretation in Laser Tapping 
---Mathieu Perton, Christian Neron, Alain 
Blouin, and Jean-Pierre Monchalin, 
National Research Council Canada, Energy, 
Mining and Environment Portfolio, 
Boucherville, QC, Canada 
 
---While Laser-ultrasonics is very successful 
to find delaminations in laminates, there are 
difficulties for reliably detecting flaws in 
structures such as honeycombs or in 
materials with large porosity and 
attenuation. A few years ago we have 
introduced the Laser-Tapping technique that 
circumvents these limitations. The technique 
is based on the thermoelastic excitation of 
the material by a laser pulse. The presence 
of flaws modifies the low frequency 
response of the structure and large 
vibrations generally arise. The structure 
vibrations are detected by a second laser 
coupled to a photorefractive interferometer. 
The technique is then very similar to laser-
ultrasonics but differs significantly by its 
capability to detect lower frequencies. A 
novel approach for laser tapping data 
analysis is presented. The interpretation of 
the vibrations of the membrane in artificial 
flat bottom holes in terms of Lamb wave 
resonances is first discussed. The approach 
is then applied to the signal processing of 
data from honeycomb structures and very 
porous carbon-carbon materials. 
11:10 AM 
 
Integrated Laser Ultrasonics System for 
High Temperature Material Property 
Testing of Ceramic Substrates and Diesel 
Filters 
---Ningli Yang, Chong P. An, Seth T. 
Nickerson, Natarajan Gunasekaran, and 
Zhiqiang Shi, Corning Incorporated, 
Advanced Engineering, MTE, Corning, NY 
14870 
 
---Ceramic honeycomb substrates and 
diesel particulate filter (DPF) are widely 
used in emission exhaust control systems.  
Exhaust gases and water vapor flow and the 
extreme heat release during operation and 
periodic regeneration of accumulated soot in 
DPF poses threat to the thermal durability of 
substrates and DPF.  This paper describes 
the development of laser ultrasonics system 
for characterizing the material behavior and 
the impact of thermal-mechanical stress 
under different environmental conditions.  
The ultrasonic system consists of a Q-
switched pulsed Nd:YAG laser for ultrasonic 
generation and a CW diode laser and 
interferometer for ultrasonic detection.  It is 
integrated with a high temperature furnace 
which allows in-situ laser-ultrasonic 
measurements during simulated thermal 
cycles and operating environments.  The 
temperature dependence of elastic modulus 
of the material is successfully measured 
under different environment conditions 
during the thermal cycles under variable gas 
flows and steams.  The impact of such 
environmental conditions on material 
properties is studied.  
FRIDAY, SESSION 38 
 -225- 
11:30 AM 
 
Interaction of High Amplitude Laser 
Generated Surface Acoustic Waves with 
a Thin Film Interface 
---B. Sherman1 and O. Balogun2, 
1,2Northwestern University, Evanston, IL 
60208; 1Civil and Environmental 
Engineering Department; 2Mechanical 
Engineering Department 
 
---This work explores the dynamic loading of 
a metallic thin film interface using high 
amplitude surface elastic stress waves 
generated by a pulsed laser source.  The 
objective of this work is to develop a surface 
wave based approach for understand the 
nonlinear dynamic elastic deformation in thin 
film materials, and enable accurate 
characterization of mechanical properties 
including, interfacial adhesion and fracture 
strength.  In this work, we use a constrained 
absorption layer to enhance the plane 
surface elastic stress wave generated by 5 
ns pulsed laser in an aluminum coated glass 
substrate.  The transient sample surface 
displacement produced is measured using a 
stabilized Michelson intereferometer.  The 
approach allows for dynamic stress loading 
of thin film interfaces with stress wave 
amplitudes in the GPa range, and loading 
rates in the range of range of 106-108 1/s, 
which allows for nearly elastic deformation 
of the specimen.  The measured transient 
surface wave displacement is compared to a 
finite element based theoretical model to 
study the mechanical stress wave coupling 
to the film/substrate interface.  Experimental 
results showing finite amplitude surface 
waves propagating in aluminum thin films of 
various thicknesses are presented along 
with supporting theoretical results. 
 
11:50 AM 
 
Laser Shockwave Technique for 
Characterization of Nuclear Fuel Plate 
Interfaces 
---James A. Smith and Barry H. Rabin, 
Idaho National Laboratory, Fundamental 
Fuel Properties, Idaho Falls, ID 83415-6188; 
Mathieu Perton, Daniel Lévesque, Jean-
Pierre Monchalin, and Martin Lord, National 
Research Council Canada, Boucherville 
 
---The US National Nuclear Security Agency 
has a Global Threat Reduction Initiative 
(GTRI) which is tasked with minimizing the 
use of high-enriched uranium (HEU) 
worldwide. A key component of that effort is 
the conversion of research reactors from 
HEU to low enriched uranium (LEU) fuels. 
The GTRI program is currently engaged in 
the development of a novel nuclear fuel that 
will enable these conversions. The fuel 
design is based on a monolithic fuel meat 
made from a U-Mo alloy foil clad in Al-6061. 
The development and qualification of 
monolithic LEU fuel processes are being 
pursued. The final step in the manufacturing 
process includes hot isostatic press bonding 
of the aluminum cladding to the fuel foil. A 
technique to characterize the bond between 
Al and U-Mo needs to be developed.  The 
Laser Shockwave Technique (LST) 
originally developed to characterize 
structural adhesion in composites will be 
evaluated for characterizing interface 
strength in monolithic fuel plates. LST is a 
non-contact method that uses lasers for the 
generation and detection of large amplitude 
acoustic waves, and is therefore well 
adapted to the quality assurance of 
manufacturing processes. This paper will 
report the initial results obtained in fuel 
plates using depleted uranium/Mo foils. 
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